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Terrance A. Thomeis
STUDIES OF 1,2-QUINONE MONOOXIMES AND THEIR METAL COMPLEXES 
Abstract;
The chemistry o f 1,2-qulnone monooximes h i«  been reviewed. The synthesis 
o f 5-amlno, 5-alkylemnlno and 5-acylamlno substitu ted 1,2-benzoqulnone 
monooximes was systematically studied. Thus, It has been found tha t 
5-amino-1,2-benzoqulnone-2-oxime (5-AqoH), 5-eth ylamlno-4-methy 1-1,2- 
ben zoquinone-2-ox I me (5-Et-4-MeqoH), 5-hexylamlno-1,2-benzoquinone-
2-oxlme (5-HxqoH) and 5-heptylamlno-1,2-benzoquinone-2-oxime (5-HptqoH) 
were best prepared by the reaction o f the corresponding phenol with 
sodium n itr ite  In the presence o f concentrated hydrochloric acid. Under 
these conditions, N-nitrosatlon >Nas Inhibited and the 1,2-benzoquinone- 
2-oxlme hydrochlorides were formed. The 5-acylam lnc^1 ,2-benzoqulnone-
2- oximes, 5-propionylamlno-1,2-benzoqulnone-2-oxlme (5-PrqoH),
5-butyrylam ino-l,2-benzoquinone-2-oxim e (5-BuqoH), 5-pentanoylamino-
1,2-benzoquinone-2-oxime (5-PeqoH), and 5—heptanoylamino-1,2-benzo“ 
qulnone-2-oxlme (5-HpqoH) were obtained from  th e ir metal complexes, 
since the d irect reaction o f the phenol w ith sodium n itr ite  failed to 
give the compounds g iving the corresponding l,4-benzoqulnone-4-oximes,
3 - proplonylamino-1,4-benzoquinone-4-oxlme (3-PrqoH), 3-butyrylam ino-1,4- 
benzoquinone-4-oxlme (3-BuqoH), 3-pentanoylamino-1,4-benzoquinone-
4- oxlme (3-PeqoH) and 3-heptanoylamlno-1,4-benzoqulnone-4-oxime 
(3-HpqoH) instead. Spectroscopic analysis has shown the compounds to 
exist in the quinone oximic ra ther than In the nitrosophenollc form. 
X-ray crysta llographic studies o f 5-HxqoH, 5-Et-4-MeqoH and
5 - Et-4-MeqoH.HCI have shown ail three compounds to  have some 1,4-oxime- 
imino character.
The synthesis o f n lcke l(ll), copper(ll), palladlum (ll) and p latinum (ll) 
complexes o f the acylamino and alkylamino substituted
1.2- benzoqulnone-2- oximes both by the d irect and nitrosation methods 
was examined. The nitrosation method gave rise to  complexes 
NI(qo)2.nH20, Cu(qo)2.nH20 and Pd(qo)2 but failed to  give the
corresponding platinum complexes. The la tte r were only obtained by the 
d irect method. The n icke l(ll) and oopper(ll) complexes reacted with 
pyrid ine and 2 ,2 -d lpyrldy l to give adducts o f the type NI(qo)2(py)2
Cu(qo) (py) and M(qo) (d ipy) respectively. The palladium and platinum
complexes however failed to react w ith e ither o f the Lewis bases. 
Magnetic moment studies showed the hydrated complexes and Lewis base 
adducts to be magnetically d ilute and thus monomeric. Such studies, as 
well as IR and LSIMS mass spectral analysis o f the anhydrous complexes 
Ni(qo) and Cu(qo) , showed them to  be associated both in the solid
State and in solution.
The reaction o f selected 1,2-qulnone monooximes (qoH) and metal
1.2- quinone monooximates (M(qo)2; qoH = 1,2-nap ht hoqu I none-1-oxime
(1-nqoH), 1,2-naphthoquinone-2-oxlme (2-nqoH), 3-butyrylam ino-1,2-benzo- 
quinone-2-oxime, 4-chlora-1,2-benzoquinone-2-oxlme (4-ClqoH),
4-bromo-1,2-benzoquinone-2-oxime (4-BrqoH), 5“ acetylamlno-1,2-benzo- 
quinone-2-oxlme (5-AcqoH), 5-hydroxy-1,2-benzoquinone-2-oxlme (5-HqoH); 
M = Nl and Cu) w ith dimethyl acetylenedicarboxylate (DMAD) was 
systematically examined.
The reaction o f 1-nqoH and 5-HqoH gave rise to  nucleophile addition 
products cis- and trans-(0- 1 ,2“ dicarbom ethoxyethenyl)-1 ,2-naphtho- 
q u I none-1 -ox i me, ira n s-(0 -d  i car bomet hoxy et hen y I )-5 -h  y d roxy-1,2-benzo- 
quinone-2-oxime. The yields were enhanced by the presence o f small 
amounts o f alkali and alkaline earth metal chlorides. With M(1-nqo)2 and
M(Buqo)2 (M = Ni, Cu) 1,4-oxazines were the only products formed.
However, M(4-Clqo)2 and M(4-Brqo)2 1,4-benzoxazl nones and
1 ,4-benzoxazines were isolated. The reaction o f the s tru c tu ra lly  related
1,2-dloxlmes emd metal 1,2-dioxlmates M(dmgH)2 and M(dagH)2» (dmgH2 =
dimethylglyoxime; dagH_ = 1 ,2-dlaminoethanedlone dIoxIme; M = NI, Cu)
w ith DMAD was also examined. The dimethylglyoxime and its  metal 
complexes failed to  a fford  any adducts while the 1 ,2-diamlnoethanedione 
dioxIme and its  metal complexes gave nucleophilic addition products cis- 
and trans-bls(0-1,2-dlcarboxyethenyl)-1,2-diam inoethanedlone dioxime. 
Mechanisms fo r the reaction o f DMAD with both the quinone monooximes and 
the 1,2-dioximes have been proposed.
( V )
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CHAPTER 1
The Synthesis, S tructure , and Properties o f 1,2-Quinone Monooximes and 
Their Metal Complexes.
1.1. Introduction.
1,2*-Quinone monooximes (Fig. 1.1), which are isomeric w ith 
2-nitrosophenols (Fig. 1.2), have been known fo r some tim e .' S tructura l 
studies o f these compounds (discussed la ter) show tha t in most cases, 
there is a predominance o f quinone oximic character. Hence, in th is  
thesis the compounds w ill be referred to  as quinone monooximes though 
th is  does not imply th a t any specific compound exists exclusively in 
tha t form.
Figure 1.1. Figure 1.2.
>H
>H
Quinone monooximes, and more so th e ir transition  metal complexes 
have attracted considerable interest in a wide spectrum o f areas, in the 
case o f the uncoordinated 1,2-quinone monooximes, th e ir close s tructu ra l 
resemblance to  the ligand in the natura lly  occurring siderophore 
fe rro ve rd in ,^ ’ ^ and th e ir own a b ility  to  chelate iron, holds some 
possib ility fo r th e ir use in the treatm ent o f human iron overload 
d i s o r d e r s . ^ I n  addition, th e ir propensity to  selectively precipitate 
certain metal ions heis been exploited fo r the purposes o f metal
ana lysis.® "'' Thus cobalt, nickel, and copper have all been successfully
detected in the presence of zinc, chromium and aluminium using
4-hydroxy-5-nitroso-1,2-benzoqulnone-2-oxim e or 3-hydroxy-5-m ethyl“ 6-
6
nitroso-1,2-benzoquinone~2-oxime.
The transition  metal complexes have been used in organic
20“ 24
s y n t h e s i s , ' ^ " a s  dyestuffs,'® "'®  and as oxidation catalysts. " For 
example, b ls(1 ,2-naphthoqulnone-'2-oximato)manganese(ll) has been used to 
oxidize aikenes to  epoxides and subsequently to  diols in the presence of 
a lr.^^  The redox behaviour of Cu(4-Clqo)2 and NI(4-Clqo)2 both In a 
chemically suitable medium and when electrochemical Iy Induced, have also 
been recently reported.^® The oxidizing power o f these compounds could 
have some Implications fo r th e ir extended use in synthesis and in 
pollution control.
1.2. The Synthesis o f 1,2-Qulnone Monooximes.
1,2-Quinone monooximes have been prepared by a varie ty of routes. 
The most widely reported is the reaction o f a phenol w ith sodium n itr ite  
and an aqueous acid, usually acetic acid.^ * As w ith other aromatic 
e lectrophilic substitu tions, ring nitrosation occurs easiest when 
activated aromatics are the substrates. The reaction, which involves the 
re la tive ly weak electrophile NO*, occurs readily In the case o f phenols 
because of the activating effect o f the phenolic OH group. For most 
phenols with an unprotected para position, th is  reaction leads mainly to  
the formation o f the 4-substltuted product (eg. Reaction 1.1). However, 
in a few cases, fo r exeuDpie 2-naphthol and 3-alkox y phenols, the
20-30
2-substltu ted product predominates (eg. Reaction 1.2).
Reaction 1.1.
NaN02/Aetd NOH
Reaction 1.2.
NoN02/Aeid
'OH
Among the other methods used to  prepare 1,2-qulnone monooximes is 
the reaction o f an a lkyl n itr ite , fo r example amyl n itrite , w ith a 
phenol under various pH conditions ranging from strong ly alkaline to 
weakly acidic (eg. Reaction This method has been most widely
applied to  the synthesis o f 5-alkoxy-1,2-benzoquinone-2-oximes via th e ir 
alkali metal complexes.
Reaction 1.3.
OH
.NOH
Acetic Add
33
The action o f (i) hydroxylamlne on a quinone, (ii)
hydroxylamine hydrochloride and hydrogen peroxide on an aromatic 
c o m p o u n d , ( I I I )  sodium hydroxide on some aromatic n itro  
c o m p o u n d s , ( I v )  the acidification o f quinone monooximic complexes o f 
both main group and transition  metals fo r example sodium, potassium, and 
n i c k e l , ^ ® * ( v )  the treatm ent o f selected Lewis base adducts of
1.2- qulnone monooximato copper(ll) complexes with silica,^® (vl) the 
lig h t Induced reactions of 2-nltrophenoxyacetlc acid o r 1-naphthol In 
the presence of N-nltroso-dlmethylamlne, * (v ll) the boiling o f
42 .
nitrosoanlllne In the presence o f potassium hydrogen carbonate, and 
(v lll)  Ion exchange chromatography o f selected transition  metal
complexes,^ have all been reported as having led to  the Isolation of
1.2- qulnone monooximes. However, the reports of some o f these methods 
fo r example (II), (v) and (v ll) lack experimental detail o r the methods 
described are not widely applicable.
1.3. The Synthesis o f Metal Complexes of 1,2-Quinone Monooximes.
Transition and main group metal complexes o f 1,2-qulnone
monooximes have been widely reported. As fo r the free ligands, a number 
o f synthetic routes to  these complexes have been developed. The 
nitrosation o f a phenol using sodium n itrlte /a ce tic  acid In the presence
of a transition  metal salt (eg. Reaction 1.4) has been the most
successful and has been used fo r the synthesis o f several
c o m p l e x e s . T h i s  method even affords 1,2-qulnone monooximic 
complexes from phenols which do not afford the uncoordinated compounds 
by any route.
Reaction 1.4.
OH
'.N,
NaN02/Ac«tic Acid 
Transition mstol soit S).
:m
It has also been claimed tha t copper(ll) complexes o f 1,2-qulnone 
monooximes are obtained by the o-nitrosohydroxylatlon o f benzene o r 
substituted benzenes w ith hydroxylamlne hydrochloride, hydrogen peroxide 
and a copper(ll) sa lt.^^'^®  However, the reports o f th is  method, the 
Baudisch method, lack both experimental details and analytical data fo r 
the compounds claimed.
The reaction o f aqueous alcoholic solutions o f 1,2-quinone 
monooximes with main group o r transition metal salts o r metal carbonyls 
have yielded the corresponding metal complex (eg. Reaction 1.5).^® 
However, because only a few 1,2-qulnone monooximes have been Isolated, 
th is  method is of lim ited synthetic u tility .
Reaction 1.5.
XT- MX H2O/MSOH« :m
6
For main group metals pa rticu la rly  alkali metals, the nitrosation 
o f a suitable phenol w ith amyl n itr ite  in the presence o f the metal 
alkoxide has been shown to  be most useful fo r the preparation o f th e ir
1,2-qulnone monooximic complexes.^' These complexes may however also be 
obtained by the reaction o f the 1,2-quinone monooximato complexes o f
48
transition  metals with alkali metal cyanides (eg. Reaction 1.6).
Reaction 1.6.
M m Tronçon metol ion 
M* -  Alkali nrwtol ion
1.4. The S tructu re  o f 1,2-Qulnone Monooximes.
1,2-Quinone monooximes can exist in d iffe re n t isomeric forms 
(Scheme 1.1). The tautomeric relationship of these compounds with
2-nitrosophenols has been the subject o f several studies.
4 9 - 5 6
Scheme 1.1.
A number of spectroscopic investigations of th is  equilibrium  have 
been reported with the results generally suggesting a predominance of 
quinone oximic character over nitrosophenolic character both in the 
solid state and in solutlon.^^'^® However, only the advent o f X-ray 
techniques provided a means by which the re lative importance o f the two 
forms could be irrevocably resolved.
To date, all X-ray crysta l s tru c tu re  analysis o f ortho  nitrosated 
phenols have shown the compounds to  have a predominantly quinone oximic 
s tructu re , confirm ing the earlier spectroscopic find ings. In fact, in 
the case of the ortho substituted products o f the nitrosation of 
3-n-propoxyphenol, 3-(2-bromoethoxy)phenol, and 3-(2-chloroethoxy)- 
phenol, though two crysta lline  forms are obtained, both have been shown
61*63to be quinone monooximic. For example, the two crysta lline  forms of 
the 5-n-propoxy analogue were found to  d iffe r only In the orientation of 
the oximic OH group relative to the quinoid carbonyl group. One, 
a-5-n-PqoH, has the oximic group anti to  the quinoid carbonyl group 
(Fig. 1.3) a conformation which is characterised by the absence o f any 
intramolecular hydrogen bonding in the molecule. By contrast the other, 
p-5-n-PqoH, has the oximic NOH group syn to the quinoid CO group (Fig. 
1.4) and here, strong intramolecular hydrogen bonds are observed. This 
is bourne out by a comparison o f the O(NOH) -  0(00) bond lengths in th is  
and related compounds. The la tte r (2.473 A) in the syn isomer compares 
well w ith those of (^sa licylic  acid (2.590 Â), maleic acid (2.506 Â) and 
cytosine-5-acetic acid (2.468 A) all o f which are known to  contain 
strong Intramolecular hydrogen bonds in the solid s t a t e . R e l a t e d  
studies on substituted naphthoquinone monooximes and other systems have 
reinforced fu rth e r the position that most 2-substituted products o f the 
nitrosation o f phenols show greater 1,2-qulnone monooximic character
8
than 2-nitrosophenolic character in the solid state.®®"®® The presence 
o f two short and fou r long C-C bond distances in the carbocyclic ring  of 
the nx)lecuies is evidence o f th is  find in g . Further, the C-0 and C-N 
bonds in compounds so fa r characterised by X -ray analysis are found to 
be shorter (1.247-1.3CX) A and 1.319-1.381 A respectively), and thus show 
considerably more double bond character than the analogous bonds in
7 0 - 7 2salicylaldoximates and related systems.
Figure 1.3 Figure 1.4
.H
1.5. Types and S tructu re  o f Metal Complexes Derived from 1,2-Qulnone 
Monooximes.
Transition metal complexes o f these potentia lly bidentate ligands 
have been known fo r some time. However, only since the mid 1960’s has 
any attention been given to  the systematic study of these compounds or 
any attempt made to  determine th e ir s tru ctu re .
Several types o f metal 1,2-qulnone monooximates have so fa r been 
isolated. The most common type involves the 1,2-quinone monooximato 
anion coordinated to the metal via the oximic nitrogen and the quinoid 
oxygen thereby form ing a five-membered chelate ring  (eg. Fig.
’ The s tru c tu re  o f complexes of th is  typo, in itia lly
proposed on the basis o f IR and o ther spectroscopic data,^®’ ^^ was
confirmed by X-ray crystal data analysis/® "® ^ In all cases, the ligands 
were found to have predominantly quinone oximic character though the 
shortening of the N-0 and C-C bonds in these chelates compared to  the 
uncoordinated compounds, suggests some nitrosophenolic character as 
well. Thus, the complexes have been represented as a resonance h ybrid  o f 
the two cannonical forms I and II shown in Scheme 1.2.
Figure 1,5.
Scheme 1.2.
There have been suggestions o f the occurrence o f 1,2-quinone 
monooximato complexes In which the metal is coordinated to the ligand 
via both the quinoid and oximic oxygens to  form six membered chelate
84 8S
rings. * However, to  date, th is  s tru c tu re  has not been demonstrated 
by X-ray crystallography.
10
A second class o f 1,2-quinone monooximato oomplex contains the 
central metal Ion coordinated to  ligands to  form an anionic species. 
Usually in these cases, an alkali metal is present as the counter Ion. 
The most well known o f th is  type of 1,2-qulnone monooximato complexes 
are the Iron based compounds re ferred to  as fe rro  and fe rrive rd in s ,
N a[Fe"(qo)3] and F e '" (q o )3.®®^ ®''
The type o f s tru c tu re  and bonding described above is th a t usually 
observed in the complexes o f 1,2-quinone monooximes w ith early (£#-block) 
transition  metal elements.
In the case of the heavier transition  metals, fo r example 
platinum and gold, a second mode o f bonding is encountered. In these 
complexes, coordination to  the ligand has been shown to  involve only the 
oximic (NOH) group. Thus the complexes o f 4-lsonitroso-3R-isoxazol-5-one 
with these metals (eg. Fig. 1.6) contains the metal Ion linked only by 
the nitrogen atom o f the oximic group. Here the ligand is therefore
acting In monodentate mode.
88
Figure 1.6
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Similarly, the actinide uranium forms complexes with 1,2-quinone 
monooximes in which coordination involves only the oximic group. The 
X -ray crystal s tructu re  o f the uranyl complexes
(U02(1-nqo)2(H20)2).2CHCI^ (Fig. i.a ) and U02(1-nqo)2(Ph^P0)(H20) (Fig.
1.7), showed the metal bonded through both the oxygen and nitrogen of
the oximic group.®® Although the resu lting linkage is presented as a
three-membered chelate ring , the bonding could also be visualized as
coordination Involving the Interaction o f metal F-orbitals w ith the n
component o f the N=0 group o r w ith the delocalized electron cloud o f the
C-N-O group. This could occur despite the high oxidation state o f the 
metal (U (IV)).®°
Figure 1.7
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Figure 1.8
1,2-Quinone monooximato complexes in which the ligand is acting 
not as a chelating ligand but ra ther as a bridging ligand have also been 
reported. Thus In the complex 4-chloro-1,2-benzoqulnone-2-oximato- 
potassium(l) hemihydrate, K(4-C lqo).1 / 2H20, the potassium ion was found 
to  be coordinated to  five  4-Clqo" Ions three of which were coordinated 
via the oximic oxygen atom and the other two via the quinold oxygen. In 
th is  complex, each 4-Clqo" ligand shares Its two oxygen atoms w ith
91
d iffe re n t potassium Ions (Fig. 1.9).
13
Figure 1.9
Another type o f complex derived from 1,2-quinone monooximes is 
th a t in which the metal Is coordinated to  one anionic ligand and one 
neutral l i g a n d . T h e  X-ray crysta l s tructu res o f two such complexes 
Li(1-nqo)(1-nqoH) and K(5-Et-4-Meqo)(5-Et-4-MeqoH) have been determined 
in these laboratories.®^'®® They show the metals coordinated to  both 
ligands via the oximic nitrogen and quinold oxygen as is the case w ith 
most transition  metal complexes. In these complexes the oximic proton of 
the neutral ligand is found to  be hydrogen bonded to the oximic oxygen 
o f the anionic ligand (eg. Fig. 1.10). Although other alkali and 
alkaline earth metal complexes have been reported, little  details
on the bonding in these complexes are cu rre n tly  available and so, it  is 
unclear whether bridging or chelate ring  formation Is the dominant mode 
of Interaction between 1,2-qulnone monooximes and these metals.
14
Figure 1.10
H(le3)
1.6. Synthetic Applications o f 1,2-Qulnone Monooximes and th e ir Metal 
Complexes.
1,2-Qulnone monooximes have found applications In metal analysis 
and extraction because o f th e ir chelating a b ility . Hence, they have been 
used to  prepare complexes o f a wide varie ty o f metals. Their d irect use 
In organic synthesis however, has been lim ited. In contrast, the use of 
the metal complexes In organic synthesis has been the focus o f much of 
the recent attention.
The m ultifunctional character o f the 1,2-quinone monooximic 
moiety In the both the free 1,2-qulnone monooximes and th e ir complexes 
presents numerous possibilities fo r the synthesis of in teresting and 
novel compounds. In fact, several Investigations o f the synthetic 
applications o f these compounds have been carried out. The action of 
triphenylphosphine on the copper(ll), n ic k e l(ll), Iro n (ll) , Iro n (lll)  
and z ln c (ll) complexes o f some 1,2-qulnone monooximes, performed In 
these laboratories, led to  the Isolation of several Interesting products 
(Scheme 1.3).®°'
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In the case of the n icke l(ll) and z in c (ll) complexes, the
corresponding bis(triphenylphosphoranylideneam inophenolato)nickel(ll) o r 
z in c (ll) complexes (eg. Fig.1.11) were the products arising d irectly  
from the reactions. In contrast, the copp e r(ll) and iro n ( lll)  complexes 
yielded dihydrophenoxazinones (eg. Fig. 1.12), and adducts of the type 
M(qo)^L2 where L=py or PPh^ (M = Cu, n = 1, M = Fe, n = 2 (eg. Fig. 
1.13).
The proposed mechanism by which these reactions proceed is 
believed to involve ‘ the removal o f the oximic oxygen by
triphenylphosphine with the resultant formation o f h ighly reactive
nitrene intermediates. It has also been shown th a t in the case of the 
copper(ll) and iro n ( iil)  complexes, the reactions proceed w ith the
reduction of the metal ion. Thus, the metal n itrene intermediates with 
copper(ll) and iro n ( lll)  both o f which have stable lower oxidation
states, dissociate to  give the free nitrene and copper(l) and iro n (ll)  
adducts. The free nitrene units subsequently couple w ith other species, 
possibly another nitrene, to  a fford  products like the 
dihydrophenoxazi nones. For n lcke l(ll), iro n (li)  and z ln c (ll) neither o f 
which have any stable lower oxidation states under the reaction 
conditions, the metal nitrene intermediate reacts with excess trip h e n y l­
phosphine to give the iminophosphorane complexes.
16
Scheme 1.3.
"K
M 4*
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Reaction w ith nitrogen containing Lewis bases such as pyrid ine  
and aniline have also been extensively studied In these laboratories. 
The outcome o f the reaction o f pyrid ine and metal 1,2-qulnone 
monooximates has been shown to  be dependent on such factors as; (I) the 
nature o f the metal Involved, (II) the nature o f the solvent used, and 
(HI) the reaction conditions. For n lcke l(ll) and Iro n (ll) complexes, 
the only reported products are the 1:2 adducts. However, In the case of 
Iro n ( lll) , the phenomenon o f Internal redox behaviour has been observed. 
Thus, the reaction o f Fe(nqo)3 w ith pyrid ine yields Fe(nqo)2.(py)2 
nqoH as products.
With aniline and other amines, fo r example ethylenedlamlne, the 
reactions are more complex and are said to  Involve ligand displacement, 
condensation, coupling, o r Indeed a combination o f these 
reactlons.^®^'^®^ Several organic products, the formation o f which has 
been rationalized In terms of the deoxygenation of the oximic NO group 
and the Involvement of n itrene Intermediates, have been Isolated from 
these reactions (Scheme 1.4).
18
Scheme 1.4,
NH,
I IM = Cu , Ni
NH.R
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Reaction o f metal 1,2-qulnone monooximates w ith other Lewis bases 
such as NO and CO have also been studied. Although less is known about 
the mechanism of these reactions, deoxygenation o f the complexes to  give 
the corresponding 1,2-qulnone Imlnato complex (eg. Fig. 1.14) and 
reduction o f the metal Ion have been s u g g e s t e d . I n  fact the ready 
interaction of CO and NO with 1,2-qulnone monooximic complexes has been 
usefully harnessed In the preparation o f filte rs  fo r tobacco smoke. 
Thus, the Iro n ( lll)  complexes Fed-nqo)^ and Fe(2-nqo)g adsorbed onto a 
particulate support and Incorporated Into cigarette filte rs  were found 
to  be h ighly effective at reducing the level o f CO and NO to  which the 
smoker is exposed. This application o f metal 1,2-qulnone monooximates 
has been patented.
Figure 1.14.
The diene, dienophlle, o r heterodiene character of these 
compounds have been studied by a number o f d iffe re n t workers. McKlllop 
and Sayer In 1976, reported the isolation o f the 1,4-oxeLtlnes from the 
reaction o f bls(1,2-benzoqulnone-2-oxlmato)oopper(ll) complexes with 
dimethyl a c e ty le n e d ic a rb o x y la te .S in c e  then, the isolation of several 
other organic products from sim ilar reactions heis been reported (Scheme 
1.5).^°®*'°® The mode of reaction and the factors affecting the 
formation o f products In th is  system Is one of the subjects o f the 
present study. A more detailed description of these reactions is
20
therefore presented in Chapter 5.
Scheme 1.5.
21
1.7. The Use o f 1,2-Ouinone Monooximes In Metal Separation.
Apart from th e ir synthetic u tility , cu rre n t Interest in
1,2-quinone monooximes extends to other areas. Of particu la r Importance 
is th e ir application in metal separation/recovery, a subject, which was 
the focus of a recent study carried out In these laboratories. In th is  
study, the potential o f 1-nqoH to separate rhodium and irid ium  was 
e x a m i n e d . ^ I t  was found tha t these compounds afforded excellent 
separation of the metals and had several advantages over the trad itiona l 
m e t h o d s . ^ I n d u s t r i a l l y ,  the preferred method of metal
separation/recovery is a continuous system Involving acidification of 
metal complexes and recycling o f the ligands. The afore mentioned study 
showed tha t 1,2-qulnone monooximes were potentia lly o f great value in 
such a system fo r the separation o f rhodium and irid ium . However, 
neither Rh(1-nqo)_ nor Ir( l-n q o ) afforded the ligand on acidification 
and the metals were only recoverable by the complete decomposition of 
the complexes.
Consequently, It was thought th a t ligands, the chelating power of 
which could be reversib ly altered, might circum vent the problem of 
ligand recycling. Part o f th is  cu rre n t study was concerned w ith the 
development o f quinone monooximic ligands which could achieve separation 
and edlow. ligand: recycling. To th is  end, 1,2-quinone monooximic ligands 
bearing acylamino o r alkylamino substituents d ire c tly  attached to  the 
quinone monooximic ring  (eg. Fig. 1.15) were considered potentially 
useful. - --------
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Figure 1.15,
(R = C H, CO, C H, X
n 2n«I n 2n^1 )
The basic properties o f the amino group and, to  a lesser extent 
the amido group, and the possible la b ility  o f the hydrogen atom on both 
those groups in compounds o f the typo shown in Figure 1 .15 , allows fo r 
th e ir existence in several p ro to trop ic form s (a -  e; Schema 1 .6). An 
analogous equilibrium  fo r hydroxy substitu ted 1,2-quinone monooximes has 
been proposed recently.’ ”  P rototropic e qu ilib ria  involving the chelated 
ligand could also occur (Scheme 1.7). These equ ilib ria , induced o r 
otherwise, is thought capable o f a ltering the  form o f the ligand, and by 
extension the nature and strength  o f the metal-ligand bond in the 
complexes. This could allow fo r metal/Mgand separation by acidolysis.
During th is  study, the s ta b ility  o f the amino substitu ted 
1,2-benzoquinona monooximes to  acid decomposition was demonstrated by 
the synthesis of these compounds in the presence o f concentrated 
hydrochloric acid, in  addition, the existence o f an equilibrium  between 
the 1,2-qulnone monooximic and the 1,4-quinone oximino lim iting forms o f 
these compounds was demonstrated by solving the X -ray crysta l s tru c tu re  
of 5-hexylamino- and 5-ethylam ino-4-m ethyl-l,2-benzoquinone-2-oxim o. The 
effect o f acid on the s tru c tu re  o f the compounds was also demonstrated 
by the X-ray crystallographic study o f the s tructu re  o f 5-ethylam ino- 
4-methyl-1,2-behzoquinone-2-oxime ch lorid ra te  monohydrate.
These studies are described in Chapter 2.
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Scheme 1.6
OH
( d )
X = NR  ^
Scheme 1.7
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H
M
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CHAPTER 2
The Synthesis and Characterisation o f Acylamino and Alkyiamino 
Substituted 1,2-Benzoquinone Monooximes.
2.1. Introduction
In th is  chapter, the synthesis and detailed s tru c tu ra l
characterisation o f acyl and alkylamino substitu ted benzoquinone 
monooximes o f type  (1) is described.
(1)
NOH
(R = C H, ,CO, C H, n = 1 -  7) n 2n+l * n 2n+l*
Several routes to these potentia lly useful chelating agents, all 
o f which involved the nitrosation o f compounds o f type (2) were 
investigated.
( 2)
OH
(R = C H, ,C0, C H,n 2n+l * n 2n+ l ’
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n = 1 -  7)
Compounds of type (2) contain strong ly activating groups and as a 
consequence, are ammenable to  ring  nitrosation. However, the presence of 
the acyleunino and alkylamino groups make the compounds susceptible to  
N-nItrosatlon as well. The la tte r is h ighly undesirable because o f the 
potential carcinogenicity o f N-nItroso derivatives (3).
(3)
OH
One fu rth e r complication encountered in the nitrosation of 
compounds o f type (2) is the competition between 1,2- and 1,4- ring  
nitrosation, as well as the possib ility of d in itrosation. These 
reactions can lead to  the formation o f 1,4-benzoquinone monooximes (4) 
o r other products (eg. 5).
(4) (5)
OH
The principal aim of the work described in th is  chapter has been 
to  examine the behaviour of compounds o f type (2) towards various
34
nitrosation systems. In particu lar, th is  study has been aimed at 
developing routes to  acyl and alkylamino substitu ted 1,2-benzoqulnone-2- 
oxlmes which suppress the formation o f the other likely products
particu la rly  the N-nItroso compounds.
Before considering the find ings o f the cu rre n t study, It is 
thought prudent to  present a c ritica l e^sessment o f relevant previous 
results since the la tte r have influenced the achievement o f the aims 
emd, in terpreta tion o f the results o f th is  work.
Traditionally, the main techniques used fo r the nitrosation of 
aromatic compounds Involve the reaction o f the aromatic substrate with 
(I) an alkali metal n itr ite  and an aqueous acid, usually acetic acid 
(eg. Equation 2 .1),'
( ii)  d I nitrogen tetraoxide in the presence o f a mineral acid (Equation 
2.2),^ or
3
(III) an a lkyl n itr ite  in the presence o f a strong base (Equation 2.3).
Equation 2.1
NaNOg + Acid ---------- > H^ONO <^-------------  ^ H.O + NO*
Equation 2.2
+ Acid -> HNO, + NOw
Equation 2.3
RONO + Base -> RO" + NO
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I t  has been well established th a t only activated aromatics, tha t 
is those bearing such groups as NR  ^ o r OR ( R = H, a lky l o r a ry l), are 
susceptible to  ring  n itro sa tio n / It is generally believed th a t In all 
c€ises, the active species Is a weak electrophile such as the nitrosonium 
ion NO */
That NRg o r OR groups activate aromatic rings towards nitrosation 
may be bourne out by consideration of the mechanism fo r these reactions 
(Scheme 2.1). As w ith other aromatic electrophilic substitu tions, 
nitrosation proceeds via  the formation o f a Wheland Intermediate (6). 
This positively charged species is stabilised by electron donating 
substituents in the aromatic ring , hence the greater susceptib ility  of 
amino and hydroxy substituted aromatic compounds towards th is  kind of 
reaction.^
OH
Scheme 2.1. 
OH
NO
OH
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A general consideration w ith regards the nitrosation o f such
compounds is the competition between ortho  and para substitu tion.
Because the OH group is ortho /para  d irecting , nitrosation o f phenolic
compounds should In theory yield m ixtures o f the 1,2- and 1,4-
substltuted products. In practise however, most phenols give only the
8-11
4-isomers with the 2-isomers being isolated only in some cases.
Previous resu lts^^ '^^ have suggested th a t the Isolation o f
1.2- quinone monooximes by the nitrosation o f a phenol may be enhanced by 
the presence o f metal ions which Imparts s ta b ility  to  the 2-Isomer by 
chelate formation. However, even in the presence of metal Ions, the 
1,4-quinone monooxime may also occur. For example, the nitrosation o f 
3-acetylaminophenol In the presence o f copper(ll) and n icke l(ll) 
chloride gave the metal complex o f the 1,2-Isomer as well as the 
uncomplexed 1,4-isomer.^^
Compared to  phenols, the behaviour o f aromatic amino compounds 
towards nitrosation is even more complex. Such compounds. In addition to
1.2- and 1,4- ring  substitu tion, can also undergo N-nitrosatlon 
reactions.^ These reactions are usually enhanced when R Is an electron 
donating group (eg. a lky l), which by its  inductive effect. Increases the 
electron density around nitrogen making it  more beisic. Thus, primary 
aromatic amines give diazonium compounds via N-nitroso
intermediates.
15,16 while secondary aromatic amines readily form
N-nItrosemilnes on n i t r o s a t i o n . ^ ^ ' In both cases, ring  nitrosated 
compounds can be afforded by the acid promoted Intramolecular migration 
o f the NO group from the amino nitrogen to  carbon In an unsubstituted 
para p o s i t i o n . T h u s ,  the reported synthesis of 5-ethylam ino-2- 
nltrosophenol hydrochloride (7),^^ a compound better represented as 
5-e th y l2tfnino-1 ,2-benzoquinone-2-oxlme hydrochloride (8), ynas a two step
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process involving the isolation and subsequent rearrangement o f the 
corresponding N-nitrosamlne by the Fischer-Hepp method (Reaction 
This method, discovered in 1886, is a commonly used method of 
preparation o f aromatic C -nitroso compounds. The reaction is usually 
brought about by hydrogen chloride in diethyl ether o r ethanol at room
23temperature.
(8)
.NOH
H -HCI
H -HCl
Reaction 2.1
NO
HCI
EtjO/EtOH
H
.NO
It heis been found tha t the conversion of N~nitroso to  C-nItroso 
compounds by the FIscher-Hepp method occurs more e ffic ie n tly  with 
hydrochloric acid than with any other acid.^^ On th is  basis, and in view 
of the protection o f the ewnino group to electrophilic substitu tion 
reactions afforded by its  protonation at low pH, It was thought during 
th is  study th a t C-nItrosatlon could be promoted and N-nItrosation
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suppressed If the nitrosation o f compounds o f type (2) (R = was
carried out In concentrated hydrochloric acid. This proved to  be the 
and thus a route to  amino substituted benzoquinone monooximes from 
aminophenols which precluded the formation o f N-nItrosamlnes was 
developed.
Like fo r aromatic amines, N-nItrosatlon o f aromatic amides, Is 
also possible. However, since R Is now an electron w ithdrawing 
substituent, N-nItrosation Is hindered because o f the lower electron 
density around, and lower basicity of the nitrogen nucleus. This however 
does not preclude the formation o f N-nItrosamides several o f which have 
been r e p o r t e d . ^ ® T h e y ,  like th e ir amino analogues are highly
. 27carcinogenic.
2.2. The Synthesis o f Amino, Acylamino and Alkylamino Substituted 
Benzoquinone monooximes.
2.2.1. The action of NaNO^acid on acyl and alkylaminophenols.
Recently, 5-acetylamlno-1,2-benzoqulnone-2-oxlme and Its Isomer, 
3-acetylamlno-1,4“ benzoqulnone“ 4-oxime were prepared In these 
laboratories by the reaction of 3“ acetylami nophenol w ith sodium
n itrite /ace tic  acid In water (Reaction 2.2). 
1,2-Isomer was the major product.
14 In te resting ly, the
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Reaction 2.2
OH
f * ”. f AJ [
H iOH
During th is  study, the procedure was repeated fo r a series o f 
3-acylaminophenols ((2); R= MeCO, EtCO, PrCO, BuCO, HxCO). In agreement 
w ith the previous r e p o r t , 3-acetylaminophenol reacted smoothly to  
a fford  the orange 5-acetylam ino-1 ,2-benzoquinone-2-oxlme in high yield. 
The yellow 3-acetylam ino-1 ,4-benzoquinone-4-oxime was also obtained 
though as the minor product.
By contrast, the larger homologues afforded the yellow, powdery
3-acyl am I no-1 ,4-ben zoquinone-4-oximes In reasonable yields, as well as
some unreacted s ta rtin g  material, even when the reaction was carried out
in neat glacial acetic acid. The 1,2-Isomers were not isolated although
qualitative  tests w ith aqueous fe rrous ewnmonlum sulphate Indicated some
*
formation of these compounds.
♦ The c l o s e  j u x t a p o s i t i o n  o f  the o x im ic  and q u in o id  donor s i t e s  in  the  
l ,2 ' -q u in o n e  sionooxisies e n a b le s  these  conpounds to  f o r *  h i g h l y  c o lo u r e d  
c h e l a t e  c o n p le x e s  w i th  most metal  i o n s .  In the  case o f  i r o n ( I I ) ,  
1^2-quinone monooximes g iv e  a c h a r a c t e r i s t i c  green complex wh ich ,  in  
t h i s  s tudy  p r o v id e d  a c o n v e n ie n t  q u a l i t a t i v e  t e s t  f o r  the d e t e c t i o n  o f  
the  1 ,2 -q u in o n e  monooximes.
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Despite the fa ilu re  o f the phenol/sodium n itrite /a ce tic  acid 
systems to  a fford  the 5-acyiam ino-1 ,2-benzoquinone-2-oximes, the 
compounds were obtained in high yields as th e ir metal complexes when the 
3-acylaminophenols were reacted w ith sodium n itrite /a ce tic  acid in 
water in the presence o f copp e r(il), n ic k e l(ll) o r palladiumd I) 
chloride (eg. Reaction 2.3). The reaction also afforded the
corresponding 1,4-isomers though here they were the minor product. The 
copper(il) and n icke l(ll) complexes readily afforded the fre e  ligands in 
good yields on acidification o r by using ion exchange chromatography.
Reaction 2,3
OH
NaN02/Ae«tic Add
Trondtion rmtal soit
N'
M
( R = C3H5CO -  C^H,3C0 )
In the case of 3-euninophenol and the 3-alkylam lnophenols (2; R = 
Et, Hx, Hp), the small scale reaction with sodium n itrite /a ce tic  acid 
and water afforded dark brown solids. Qualitative tests on these solids 
with aqueous ferrous ammonium sulphate indicated the absence of any
1,2-quinone monooximic species. As a consequence, the products, thought 
to be N-nItroso compounds were not Investigated fu rth e r.
Like th e ir acylamino analogues, the 5-alkylam ino-1,2-benzo- 
qulnone-2-oximes were recovered, though In ve ry  poor yields, as the 
metal complexes when the reaction was repeated in the presence of 
copper(ii) or n icke l(ll) chloride. The 1,4-Isomers were not recovered.
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In marked contrast to  th e ir behaviour w ith the sodium n itr ite / 
acetic acid systems, the 3-alkylaminophenols afforded the 5-alkylam ino-
1 ,2-benzoquinone-2-oximes in high yieids as th e ir yeilow hydrochioride 
salts when the phenols were reacted w ith sodium n itr ite  in concentrated 
hydrochloric acid. The free bases were obtained as b rig h t orange solids 
by neutralization o f the hydrochlorides with sodium o r potassium 
carbonate (Scheme 2.2). Im portantly, th is  method failed to  give any 
1,4-isomers and, no evidence o f the formation o f N-nItroso derivatives 
was found.
Because o f the possib ility  o f the acid promoted hydro lysis of the 
eunido group, the above method weis not attempted with the 3-acylamino- 
phenols.
Scheme 2.2
OH
,:^:^^NoN02/conc*HCL
*
H
'NOH
The success o f the sodium nitrite /concentrated hydrochloric acid 
system at a ffording the 5-alkylamino-1,2-benzoquinone-2-oximes, compared 
to th a t o f the sodium n itrite /a ce tic  acid system can be a ttribu ted  to  
the greater protection o f the amino group effected by HCI. In order to 
achieve ring and not N -nitrosatlon, it  is necessary to  protect the amino 
group from attack by the nitrosonlum ion. Protonation has previously 
been shown to be an effective means o f protecting amino groups.^® Thus, 
the greater acid ity o f hydrochloric acid over acetic acid makes the
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form er considerably more e ffic ien t at achieving th is .
%
2.2.2. The action of amyl nitrite/base on acylamino and 
alk ylaminophenols.
The 3-acylamlnophenols (2; R = C^HgCO -  failed to  afford
any quinone monooximic compounds when reacted w ith amyl n itr ite  and 
sodium o r potassium ethoxide. In all cases, the sta rting  phenols were 
recovered unaffected.
By contrast, 3-ethylamlno-4-methylphenol reacted w ith amyl 
n itr ite  to  afford the orange potassium complex o f 5-ethylam lno-4-m ethyl-
1,2-benzoquinone-2~oxime in good yield. The free ligand, also an orange 
solid was obtained by the acidification o f the complex (Scheme 2.3).
Scheme 2,3
H
HCl .  “ W
H H
The analogous reaction with 3-hexyl and 3-heptylaminophenol also 
yielded orange solids which failed to  chelate any metal Ions. These 
compounds were identified as 3-hexylamino and 3-heptylam ino-1,4-benzo- 
q u I none-4-oxlme.
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2.3. Characterisation o f the Acylamino, and Alkylamlno Substituted 
Benzoquinone monooximes.
The compounds prepared during th is  study were all h ighly coloured 
solids which melted at temperatures between 70 ®C and 200 °C except In 
the case o f the hydrochlorides which decomposed between 150 °C and 180 
°C. All the compounds showed appreciable so lub ility  in common organic 
solvents, but w ith the exception o f the hydrochlorides, did not dissolve 
in water.
Characterisation o f the compounds wetô afforded by fu ll elemental 
and spectroscopic analysis. The yellow, powdery solids obtained by the 
nitrosation of the 3-acylaminophenols were identified as 3-acylam lno- 
”1 j4—benzocjuinone—4” Oximes on account o f th e ir fa ilu re  to  chelate any 
metal Ion. The quinone monooximic nature of these solids and o f th e ir 
orange 2-Isomers which readily form metal chelates, was indicated by the 
presence In th e ir IR spectra o f prominent bands in the carbonyl region, 
assignable to the ami do ^CO and the quinoid i^ CO groups.
Further support fo r th is  form ulation was afforded by NMR and mass 
spectral analysis. Thus, the ^^C NMR spectra of both sets o f compounds 
contained signals at approximately 160 ppm and 200 ppm characteristic o f 
carbonyl carbons.^^ The El mass spectra all contained a fragm ent ion 
a ttribu tab le  to  the loss o f OH’ from the molecular Ion. Both these 
find ings point towards quinone monooximic ra ther than nitrosophenolic 
character.
In the case of the products derived from the nitrosation o f the 
3-alkylaminophenols in hydrochloric acid, they were identified as 
hydrochlorides on the basis o f th e ir high melting points and so lub ility  
In water. Im portantly, the presence o f only three m ultiplets each
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in tegrating fo r one proton in the aromatic region of the NMR spectra 
o f these compounds and the free bases derived from them confirmed all 
e ight compounds as being ring  nitrosated.
The quinone monooximic nature o f both the hydrochlorides and of 
the free bases derived from them was indicated by the presence in th e ir 
IR spectra o f bands at approximately 1630 cm~  ^ and o f a signal at 
approximately 175 ppm in th e ir NMR spectra assignable to  a quinoid 
carbonyl group. The presence in the mass spectra o f these compounds of 
fragm ent ions due to  the loss o f OH', NOH, and CO from the molecular ion 
was also supportive of the quinone monooximic form ulation. The quinone 
monooximic formulation of the 5-hexylamlno- and 5-ethylam lno-4-m ethyl 
substituted compounds was confirmed by X -ray crysta l analysis (see 
sections 2.5 -  2.7).
2.4. Spectroscopic Studies o f Acylamino-, and Alkylam ino- Substituted 
Benzoquinone Monooximes.
As discussed in Chapter 1 o f th is  thesis, quinone monooximes can
30 31exist in at least two tautomeric forms. ' In addition, these 
compounds have been shown to  exhib it stereoisomerism based on the 
orientation o f the oximic OH group re la tive  to  the quinoid carbonyl 
group. Thus they can exist as e ither syn o r anti Isomers.^^’ ®^
For the compounds considered in th is  study, p a rticu la rly  the 
alkylamino substituted compounds, there is the additional possib ility of 
a 2,5-oxime imino ra ther than a 1,2-qulnone oxime s tru c tu re  (Scheme 2.4) 
analogous to th a t observed in the product obtained by the nitrosation of
3-hydroxy-2-m ethylphenol (Scheme 2.5). 37
45
Scheme 2.4
.NOH
^  ^NOH
, x c
H
Scheme 2.5
NOH
‘OH
Traditionally, spectroscopic analyses have been widely used In 
the study of quinone monooxlmes.^®’ ^^ Such studies have provided useful 
information on the existence and Importance o f the quinone monooximic/ 
nitrosophenollc tautomerism and the factors which favour e ither o f the 
two forms. In addition, these studies have been useful in d istinguishing 
between the d iffe re n t Isomeric forms o f 1 ,2-qulnone monoxImes.
The detailed spectroscopic analysis o f the compounds prepared 
during th is  study was carried out w ith a view to  obtaining s tru c tu ra l 
information as well as determining the effects of the new substituents 
on the general characteristics of the compounds. Thus the IR, NMR, mass 
and solution electronic spectra o f the compounds were recorded and 
analysed.
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IR spectra.
X -ray crysta llographic analysis o f the 1,4-substltuted product 
obtained from the nitrosation o f 3-acetyiaminophenoi showed the compound 
to  exist as 3-ace tyl2tfnino-1 ,4-benzoquinone-4-oxime.^^ The IR spectrum of 
th is  compound consequently contained a band assignable to  the quinoid 
carbonyl group at 1650 cm
Sim ilarly, the IR spectra o f the 1,4-substituted compounds 
prepared during th is  study (eg. Fig. 2.1) all contained bands at 
approximately 1650 cm "' and therefore assignable to a quinoid ^CO (Table 
2.1). This sim ilarity w ith the spectrum of the crysta llographically 
established s tru c tu re  o f 3-acetyiamino” 1 ,4-benzoqulnone-4-oxime, leads 
to  the conclusion tha t the 1 ,4-substltu ted  compounds reported here were 
also quinone monooximic.
Figure 2.1 IR spectrum of 3-butyrylamino-1,4-benzoquinone-‘4-oxime
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Table 2.1 Selected IR absorption bands and their assignment for the 
series of 3-acylamino^ and 3-~alkylamino- substituted 1,4-benzoquinone- 
4-oximes.
R yO H
/cm ” ^
p NH
/ c m ” '
a n id o
/ c m ” '
i>C0 . . ^q u in o id
/ c m ” '
3 -C ,H ^ C 0 N H 3448 3369 1695 1650
3 -C 3 H ^ C 0 N H 3444 3367 1697 1653
3 -C ^ H .C O N H 3442 3364 1692 1631
3 -C ^ H , ,C 0 N H 3440 3360 1688 1630
3 -C ^ H ,3 N H 3429 3231 — 1627
3 - C , H ,^ N H 3425 3212 — 1632
7 15
The 1 ,2-substltu ted  compounds derived from the nitrosation o f 
3-hexylaminophenol and 3—ethylam ino-^-m ethylphenol were both shown by 
X—ray crystallography (see later) to  be Quinone monooximic. Accordingly, 
the IR spectra o f both compounds (eg. Fig. 2.2) as well as th e ir 
acylamino analogues contained strong absorption bands In the region 
between 1635 cm“  ^ and 1610 cm '^ assignable to  the quinold carbonyl 
group.
In teresting ly, and In contrent to  th e ir 1,4-isomers, the quinold 
yCO of both acyleunino and alkylamino 1 ,2-benzoquinone monooximes 
appeared as two bands (Table 2.2). This suggests tha t the samples were 
possibly mixtures of the syn and anti Isomers.
It heis been shown previously th a t the uCO of the anti Isomer 
appears at higher frequency than fo r the syn Isomer because o f the
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presence of intram olecular hydrogen bonding involving the quinoid 
carbonyl group^^ in the la tte r. However, no other spectroscopic evidence 
fo r the presence o f a m ixture o f isomers was found fo r the 1 ,2-quinone 
monooximes reported here.
The quinoid ifCO stre tching frequency o f the 1,4-^ximes were found 
to  be higher than fo r the corresponding 1 ,2-isomer suggesting greater 
double bond character in the 1,4-quinone monooximes. This find ing  is not 
unusual and heis previously been a ttribu ted  to  (i) a decrease in the 
energy o f the aromatic conjugation in the phenolic form  as a resu lt of 
the presence o f the nitroso group and, (ii) the increase in the energy 
o f énolisation of the carbonyl group which is fu rth e r stabilised by 
quinoid conjugation in the 1,4-isomers. In addition, fo r the
1 ,2-substitu ted  compounds, ifCO is lowered by the presence o f an 
intram olecular hydrogen bond which stabilises the n itroso group and 
leads to  a preference in some o f these compounds fo r the nitrosophenoiic 
form.^^
Figure 2.2 IR spectrum of 5-hexylamino~1,2-benzoquinone~2-oxime
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Table 2.2 Selected IR absorption bands an their assignment for the 
series of 5-acyiamino- and 5-alkylamino~ substituted 1,2-benzoquinone-2- 
oximes.
R uOH
/cm"^
pNH
/cm '^
uCO , .anido
/cm ’ ^
i^ CO . . ^quinoid
/cm “ ^
5-C,H^C0NHZ o 3443
3243 1731 1640
1624
S-CgH^CONH 3426 3265 1732 1640
1627
5-C^H_C0NH 3427 3272 1728 1647
1636
S-CgH^CONH 3475 3277 1717 1642
1638
5-NH3 3421 3301 — 1685
1639
5-C 3H5NH 3400 3303 — 1635
1610
5-C^H,3NH 3429 3231 — 1633
1612
5-C,H,3NH 3425 3212 — 1664
1622
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NMR spectra
Previously, NMR spectroscopy was used to  study the 
nitroso-oxim ino tautomerism In quinone m o n o o x i m e s / F r o m  these 
studies, a solvent dependent equilibrium  between the nitroso and quinone 
monooximic forms of some compounds was observed. Thus, 1 ,4-benzoquinone- 
4-oxlme vtas shown to  co-exist w ith 4-nltrosophenol in DMSO but to  occur 
as the only tautomer In dloxane.“*® S im ilarly, 1 ,2-naphthoquinone-2-oxlme 
was shown to  co-exist w ith 2-nitrosonaphthol in DMSO/acetIc acid but to
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exist only In the oximic form In various other solvents.
In the cu rre n t study, the NMR spectra o f all the compounds 
studied e ither in methanol o r acetone were particu la rly  useful In 
confirm ing the compounds as ring  and not N-nitrosated. In addition, the 
spectra were found to  be quite useful In demonstrating the quinone 
monooximic character o f the compounds. For example, the NMR spectrum 
3“ butyryl£UDlno-1 ,4-benzoqulnone-4-oxlme (Fig. 2.3) displayed three 
m ultiplets (compared to  fo u r fo r Its precursor phenol; see Appendix 1) 
each in tegrating fo r a single proton at 6.35 (H-3), 7.40 (H-1) and 7.70 
ppm (H-2). The spectrum also contained all the signals expected fo r the
acylamino substituent (Table 2.3).
The spectra o f the other 1 ,4-benzoqulnone monooximes were similar 
to  that described above with only minor sh ifts  o f the signals to  lower 
fie ld  in the case o f the alkylamino substitu ted compounds.
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TabH» 2.3 NMR spectra/ assignments for 3-pentanoy/amino~1,4-
benzoquinone-4-oxime
Assignment Multiplicity
J/Hz
Sppm
9 « 7 6
HjCHjCHjCHjC-
9 t  (8.20) 0.95
8 . SXt (8.20) 1.40
0 7
II
qn (8.25) 1.65
n : ‘
t  (8.25) 2.45
X  ‘
s 11.93
j, Mom  ^4 4 s 4.90
5
2 d,d 3 (7.04) 6.35
3 “ \ . 3 7.70
1 d "J3  ^ (1.25) 7.40
A •, « in g l« t ;  d, d o u b l« ! ;  d , d ,  d ou b l« !  o f  dou b l« !« ;  ! ,  ! r i p l « ! ;  
q, q u « r !« ! ;  q ! ,  q u i n ! « ! ;  «x! ,  ««x!«!;  « u l ü p l « ! .
The H NMR spectra o f the acyl and alkylamino substituted
1 ,2-quinone monooximes were not too dissim ilar from th a t o f the 
1,4-isomers. For example, the spectrum o f 5-hexylamino-1,2-benzoquinone- 
2-oxime (Fig. 2.4) displayed three single proton m ultiplets centred at 
5.60 (H-3), 6.50 (H-2), and 7.00 ppm (H-1), together with the expected 
signals fo r the alkylamino group (Table 2.4).
The magnitude of the ortho H-H coupling constants In these 
spectra provided evidence o f th e ir quinone monooximic character. 
Typically, the observed J  value was approximately 8.5 Hz. This
or  !no
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value is markedly greater than fo r the corresponding phenols (7.04 Hz) 
which are known to  have benzenoid structures.
More sign ificantly however, the presence in the NMR spectra 
of a signal between 175 ppm and 210 ppm assignable to  a quinold carbonyl 
group supports the formulation of these compounds as quinone monooximes.
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Table 2.4 NMR spectral assignments for 5 -hexylamino-1,2 ~benzoquinone- 
2-oxime
Assignment Multiplicity
J/Hz
8 ppm
11 m 0.90
8-10 m 1.35
7 m 1.65
6 m 3.25
1  ^ 5M 5
s 10.20
4 s 4.95
3 d g (1.56) 5.60
2 d.d , (7.95) 6.50
1 d (7.95) 7.00
n
* 8, s i n g l e t ;  d, d o u b le t ;  d , d ,  d o u b le t  o f  d o u b le t s ;  t ,  t r i p l e t ;  
q, q u a r t e t ;  q t ,  q u i n t e t ;  s x t ,  s e x t e t ;  w, » u l t i p l e t .
Mass spectra
Proposed fragmentation patterns fo r both the 1,4- and
1 ,2-substitu ted  quinone monooximes prepared during th is  study are
presented in Schemes 2.6 and 2.7.
Unlike th a t o f th e ir precursor phenols, the El mass spectra of 
the benzoquinone monooximes reported here were not dominated by the 
fragmentation o f the acyl or alkylamino substituents. Instead, the 
spectra were characterised by the presence o f fragm ent Ions arising from 
the fission of the oximic and quinold groups.
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Thus, in the El mass spectra o f the 3-acylamlno and 3-a lkylam lno- 
1 ,4-benzoquinone-4~oxlmes (eg. Fig. 2.5), prominent molecular ion peaks 
were present. In addition, the spectra contained fragm ent Ions arising 
from the loss o f HO’ , NO’ , NOH, 0 and CO. These Ions are characteristic 
o f quinone monooximic compounds, although the loss o f NO and CO could 
also be associated w ith nitrosophenollc character.'*®
In the case o f the acylamino substituted compounds, the loss of 
the acyl group gave rise to  the base peak at m/z = 138 (Table 2.5). By 
contrast, the base peak In the mass spectra o f the alkylamino analogues 
corresponded to  the [M-OH]* Ion. The greater propensity o f the acyl 
carbonyl oxygen to  accomodate an extra electron accounts fo r the
facile loss o f th is  group and the high relative abundance o f the 
[M-RCO]* Ion In the spectra o f the acylamino substituted compounds.
Figure 2.5 El mass spectrum of 3-pentanoylamino-1,4-benzoquinone- 
4-oxime,
100—1
St
41
» - 1»
m
so
m
ISO
m
57
Table 2.5. M/Z figures for selected ions in the mass spectra of the 
3-acylamino- and 3-alkylamino-1,4-benzoquinone~4-oximes (3-XqoH).
3-XqoH [M]^ [M+2H-0]* • [M-O]* • CM-OH]*[M-NO]*[M-NOH]* • [M+H-R]* [M-R/OH]
3-AcqoH 180 166 164 163 150 149 138 121
(82) (8) (4) (2) (2) (4) (74) (100)
3-PrqoH 194 180 178 177 164 163 138 121
(64) (3) (17) (55) (23) (5) (100) ( 10)
3-BuqoH 208 194 192 191 178 177 138 121
(63) (4) (14) (46) (14) (4) ( 100) (7)
3-PeqoH 222 208 206 205 192 191 138 121
(30) (2 ) (16) (23) (2) (3) (100) (7)
3-HpqoH 250 236 234 233 220 219 138 121
(43) (5) (12 ) (27) (1 1 ) (3) ( 100) (8)
3-HxqoH 222 208 206 205 192 191 138 121
(50) (7) (20) ( 100) (2) (3) (5) (43)
3-HptqoH 236 222 220 219 206 205 138 121
(81) (2 ) (2 1 ) (100) (3) (2 ) (4) (84)
Numbers in  p a r e n t h e s i s  a re  r e l a t i v e  abundances.
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Like fo r th e ir 1,4-isomers, the El mass spectra o f the 
5-acylamino and 5-aikylamino-1,2-benzoquinone-2-oximes (eg Figs. 2.6 and 
2.7) also contained prominent molecular ion peaks as well as ions such 
as [M -0 ]* ', [M-OH]*, [M -CO ]*', [M-NO]* and [M-NOH]*'. In te resting ly 
though, the [M-OH]* ion was highly prominent in the spectra o f the 
alkylamino compounds w hilst being o f re la tive ly low abundance (< 10%) in 
the spectra o f the 5-acylamino analogues (Table 2.6).
In both groups o f compounds, the loss o f the acyl and alkyl 
substituents gave rise to  a re la tive ly abundant ion at m/z = 138. The 
la tte r corresponds to the molecular ion in the mass spectrum o f 5-am ino-
1,2-benzoquinone-2-oxime. This compound was isolated during th is  study 
and its  mass spectrum is shown in Figure 2.8 (Table 2.7).
The most interesting ion in ail the spectra was the [M -  14]*. 
This ion which has been observed previously in the mass spectra o f other 
quinone monooximes was a ttribu ted  to  the loss o f an oxygen radical from, 
and the addition o f two hydrogen radicals to the molecular Ion. This 
reaction gives an anilinium species.^^ These anomalous reactions are not 
w ithout precedent however, since N-nItroso compounds are known to  give 
rise to  ions o f the parent amine by N-N bond cleavage and subsequent
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proton abstraction. Moreover, anilinium ions found in the mass spectra 
of both 2-nitrosotoiuene and 2-n itro to luene have been accounted fo r by 
the operation o f an *ortho effect* which results in the loss o f CO and 
the formation o f an anilinium ion.®°'®'
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Figure 2.6. El mass spectrum of 5-butyrylamino-1,2-benzoquinone-2-oxime
Figure 2.7. El mass spectrum of 5-hexylamino-1f2-benzoquinone-2~oxime
at
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Table 2.6. M/Z figures for selected ions in the mass spectra of the 
5-acylamino- and 5 -alkylamino-1,2-benzoquinone-2-oximes (5-XqoH).
5-XqoH [M]* • CM+2H-0]* * [M-03* ■ [M-OH]*[M-NO]*[M-NOH]* •[M+H-R]* [M-R/OH]*
5-AcqoH 180 166 164 163 150 149 138 121
(82) (8) (4) (2 ) (2) (4) (74) ( 100)
5-PrqoH 194 180 178 177 164 163 138 121
(64) (17) — — (23) (5) (96) ( 100)
5-BuqoH 208 194 192 191 178 177 138 121
(60) (10) (2) — (3) (3) (92) ( 100)
5-PeqoH 222 208 206 205 192 191 138 121
(67) (22) — (3) (7) (17) (84) (100)
5-HpqoH 250 236 234 233 220 219 138 121
(65) (23) (4) (10) (9) (5) (72) ( 100)
5-HxqoH 222 208 206 205 192 191 138 121
(75) (15) (16) (41) (3) (3) (52) ( 100)
5-HptqoH 236 222 220 219 206 205 138 121
(36) (5) (2 1) ( 100) (2) (1 ) (4) (32)
Numbers in  p a r e n t h e s i s  a re  r e l a t i v e  abundances.
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Figure 2.8. El mass spectrum of 5 -amino-1,2 ~benzoquinone~2 -oxime.
Table 2.7 Ion abundances and assignment in the mass spectrum of 
5-ami no-1 f2-benzoquinone-2-oxime.
Ion Abundances
X
m/z
CM]*- 100 138
[M-OH]* 95 121
[M-NO]* 8 108
[M-CO/OH]* 10 93
[M-CO/NO]* 91 80
[M-NO/CO/NH]*' 12 65
62
Scheme 2.6 Proposed fragmentation pattern for compounds of the type 
3-RqOH
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2.5 Single Crystal X-ray S tructure  o f 5-Hexylamino-1,2-benzoquinone- 
2-oxime Monohydrate.
The X-ray crysta l s tru c tu re  o f several 1,2-qulnone monooximes 
have been determined previously.®^"®® In general, these s tructu res show 
that the compounds are quinone monooximic and not nitrosophenolic in the 
solid state. In addition, X -ray crysta l s tru c tu re  analysis confirm  the
presence o f c/s -  trans isomers centred on the orientation o f the oximic
OH group re lative to  the ring  carbonyl.
To date, none of the structures reported have included an amino 
substituent. Hence, it  was interesting to  see what e ffect if  any, the
inclusion o f such a group would have on the overall geometry o f the
1,2-quinone monooximic moiety. Additionally, the presence o f the amino 
group introduces the possib ility o f 1 ,2-qulnone oxime/ 2,5-oxlme Imino 
tautomerism not dissim ilar from tha t observed recently with 3-h yd ro xy - 
2-methyl-1,4-benzoqulnone-4-oxime.^^ Thus the single crysta l X-ray 
s tru c tu re  of 5-hexylamlno-1,2-benzoqulnone-2-oxime monohydrate was 
determined.
Crystal preparation and data collection.
5-Hexylamino-1,2-benzoquinone-2-oxime mono-hydrate was prepared 
by the nitrosation of 3-hexylaminophenol with sodium n itr ite  in 
concentrated hydrochloric acid, and subsequent neutralization o f the 
yellow hydrochloride salt. The orange powdery solid was recrysta llised 
from water: methanol (1:3) to  give orange, octagonal crysta ls.
The crysta l selected fo r X-ray analysis had dimensions 0.70 x 
0.35 X 0.25 mm. Unit cell parameters and in tensity data were collected
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on an ENRAF-NONIUS CAD-4 diffractom eter. All calculations were performed 
using the SDP software®® on a MICROVAX-3100 computer. The cell 
dimensions were determined by least-squares fittin g  o f 25 centred 
reflections monitored In the range 40 < 0 < 48 . Lorentz polarization, 
empirical absorption and decay corrections were applied to  all 
reflections. The s tructu re  was solved by d irect methods using the MULTAN 
80 computer package.®® All atoms were refined by fu ll matrix 
least-squares analysis w ith the non-hydrogen atoms being positioned 
anisotropically. All hydrogen atoms were experimentally positioned 
isotropically. Secondary extinctions®® were applied in all cases and 
scattering factors®® were taken from published tables o f X -ray 
crysta llographic data.®^ All relevant experimental details are given In 
Table 2.8. Atomic coordinates, temperature factors, bond lengths, bond 
angles, In tra  and Intermolecular contact distances are given In Appendix 
2.
Table 2.8 Crystal data, data collection and processing parameters for 
5 -hexylamino-1,2 -benzoquinone-2 -oxime monohydrate.
Formula
MW
System 
Space group
240.31
Orthorombic 
P2^2^2^ (n. 19) 
8.016(1) A 
11.552(1) A 
14.409(2) A 
1334.22 A®
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Results and discussion.
A perspective view of the molecule with the relevant atomic 
numbering Is presented In Figure 2.9. The oximic OH group o f 
5-hexylamlno—1 ,2“ benzoc|ulnone—2"Oxime monohydrate was found to  be In the 
anti (trans) configuration with respect to  the quinoid carbonyl group. 
Thus, no Intramolecular hydrogen bonds were observed in th is  molecule.
Figure 2.9 X -ra y crystal structure of 5-hexyiamino^l,2-benzoquinone-2- 
oxime monohydrate.
oi
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Figure 2.10 shows selected bond lengths In the molecule. The 
intermediacy of the bond distances In the carbocyclic ring  suggest that 
the molecule could be represented as a resonance hybrid  of the two 
limiting forms a and b (Scheme 2.8). The bond distances C(2) -  C(3) 
(1.398(5) A) and C(3) -  C(4) (1.397(4) A) are statistically equivalent, 
the bond C(2) -  0(2) (1.281(4) A) is longer than the average quinoid 
carbonyl C=0 bond (1.222(4) A) while the N(7) -  C(4) bond (1.330(4) A) 
is shorter than the average Csp^ -  NHR bond distance (1.339(1) A -  
1.416(18) A). All th is  points towards some contribution from the 
2,5-oxime imino structure  b.
Figure 2.10 Selected bond lengths in 5~hexylamino-1,2~benzoquinone- 
2-oxime monohydrate.
oi
Scheme 2.8 1,2-quinone monooxime/1,4 quinone monooximino equilibrium.
.NOH NOH
Although no intramolecular hydrogen bonding was found in th is  
molecule, extensive intermolecular interactions were found between 
neighbouring quinone monooximic molecules and with the associated water 
molecule. The water oxygen atom is a strong hydrogen acceptor and thus 
interacts with the oximic proton forming a fa ir ly  strong hydrogen bond. 
The water hydrogens were found to be hydrogen bonded to the quinoid 
carbonyl oxygen (Fig. 2.11). In addition, interaction between the 
quinoid carbonyl oxygen and the amino proton on neighbouring molecules 
(Fig. 2.12) were also found to  be important in the packing arrangement 
of the molecules in the un it cell (Fig. 2.13). These extensive 
intermolecular associations which result in the formation of a queisi 
polymeric unit are bourne out by the short contact distances 0(2)...0(w) 
(2.77(1) A), H(01)...0(w) 1.42(2) A, 0(2)...H(N7) 2.46(1) A and
0(2)..N(7) 2.94(1) A.
The unusual bond distances and high thermal pareuneters (Tables 2 
and 6, Appendix 2), suggest tha t the large alkyl chain in the molecule 
is free to assume any of the equilibrium conformations available to  it. 
This is fu rth e r suppK>rted by the absence o f any contacts involving 
non-hydrogen atoms and which are not associated with the packing 
interactions already described.
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Figure 2.13 Unit ceil for crystals of 5 ~hexylamino-1,2 -‘benzoquinone- 
2-oxime monohydrate.
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2.6. Single Crystal X-ray S tructure o f 5-Ethylamlno-4-methyl-1,2-benzo- 
qu i none-2-oxlme.
Crystal preparation and data collection.
Orange crystals of 5—ethylamino-4—methyl—1 ,2—benzoquinone—2-oxime 
were prepared by the same method as described fo r its  5—hexylamino 
analogue. The crystal selected fo r X-ray s tructu re  analysis had 
dimensions 0.35 x 0.30 x 0.30 mm which were determined by least-squares 
fitt in g  of 25 centred reflections monitored in the range 30 <0 < 40°. 
Other experimental conditions and techniques used to solve th is  
structure  were similar to  that described in the section 2.5. Relevant 
crystal data and processing pareuneters are summarised In Table 2.9. 
Selected bond lengths, bond angles, and data are given In Appendix 3.
Table 2.9 Crystal data, data collection and processing parameters for
1
5-ethylamino-4-methyl-1,2-benzoquinone-‘2-oxime.
Formula
MW 180.21
System Monoclinic
Space group P 2 /n  (n. 14)
a 4.086(1) A
b 17.098(1) A
c 12.792(1) A
95.01 (1)(1)°
D ,
c a l c
1.344 g cm‘ °
Radiation Cu (1 = 1.54184 A)
graphite monochromated
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Table 2.9 contad,,.
M 7.56 cm” ^
F(CX30) 384
T 293(2) K
R = Z Fo — F® /  Z Fo 0.047
Rw
0.042
Weighing scheme w = a(Fo)"^
Crystal size 0.35x0.30x0.30 mm
Scan type (Ù-2Q
Scan speed 2.2° min” '
Scan width (0.8 + 0.14 tan6)°
Aperture (2.2 + 0.5 tanO) mm
Reflections measured hkl, hk-l
0<h<4
0<k<20
-15<K15
Unique reflections 1744
Observed Reflections (l>2a(l)) 1312
Refined parameters 167
Final Fourier Map
• _ 3
max 0.11 e A 
min -0.09 e 
(shift/e.s.d.) 0.01
n s  X
Results and discussion.
A perspective view of the molecule with relevant atomic numbering 
is presented in Figure 2.14. Selected bond lengths and bond angles are 
shown in Figures 2.15 and 2.16.
74
Figure 2.14 X -ra y crystal structure of 5-ethylamino-4-methyl- 
1,2-benzoquinone-2-oxime.
01
Figure 2.15 Selected bond lengths for 5-ethylamino-4-methyl- 
1,2-benzoquinone-2-oxime.
01
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Figure 2.16 Selected bond angles for 5-ethylamino-4-methyh 
1,2-benzoquinone-2-oxime.
In contrast to  the 5-hexylamino and 5-pentylamino®^ analogues, 
the oximic OH group In 5-ethylamino-4-methyl-1,2-‘benzoquinone-2-oxime 
was found to be syn (cis) to the quinoid carbonyl group. Thus, the 
molecule contained an intramolecular hydrogen bond between the quinoid 
carbonyl oxygen and the oximic hydrogen. This was bourne out by the 
short H(01)-02 contact distance of 1.56(3) A and N7-H(N7)-02‘ angle 
(149(2)^). The bond distances in th is  molecule were quite similar to 
that found In both 5~pentylamino and 5~hexylamino analogues. For 
example, the bond distances C(2) -  C(3), C(3) -  C(4), C(2) -  0(2), and 
C(4) -  N(7) were 1.381(3), 1.394(3), 1.281(3), and 1.337(3) A
respectively. This marked sim ilarity with the two previously decribed 
structures suggests that, like the pentylamino and hexyleunino analogues 
th is  molecule also has some 2,5-oxime Imino character. The crystal
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packing in th is  molecule is relatively simple. The molecules are 
arranged In strands through weak hydrogen bonds (Fig. 2.17). The in te r­
strand interactions are weak Van der Wm Is Interactions. No other 
stacking arrangements or hydrogen bonds wore observed.
Figure 2.17 Packing arrangements for 5~ethylamino-4-methyl-
1,2-benzoquinone-2-oxime.
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2.7. Single Crystal X-ray S tructure of 5-Ethylamino-4-fnethyl-1,2-benzo- 
qulnone-2-oxlme Chloridrate Monohydrate.
As stated earlier, one o f the attractions o f amino substituted
1,2-quinone monooximes is the possibility of the pH influenced 
equilibrium between 1,2—quinone monooxime/1,4-oxime-imino structures. 
The existence of an equilibrium structu re  as described above is 
demonstrated here by X-ray crysta l data analysis of the compound 
obtained by dissolving 5-ethylamino-4-methyl-1,2-benzoquinone-2-oxime in 
dilute hydrochloric acid.
Crystal preparation and data collection.
5-Ethyl£Ufnino-4-methyl-1,2-benzoquinone-2-oxime chloridrate mono­
monohydrate was obtained as yellow octahedral cyrstals by dissolving 
5-ethyl2unino-4-methyl-1,2-benzoquinone-2-oxime in a mixture of water, 
methanol and dilute hydrochloric and allowing the mixture to stand for 
several days.
The crystal selected fo r X-ray analysis had dimensions 0.70 x
0.35 X 0.25 mm. The cell dimensions were determined by least-squares 
fitt in g  of 25 centred reflections monitored in the range 35 < 0 < 45°. 
The acidic (N-H and 0-H) hydrogen atoms were positioned experimentally 
and refined isotropically. The other hydrogen atoms geometrically 
positioned (at 0.95 A from the ir neighbour atom), were not refined, but 
the ir thermal parameters were taken as proportional (x 1.3) to those of 
the ir non-hydrogen neighbours. All other experimental conditions and 
techniques were the same as described previously. The relevant 
experimental details are given In Table 2.10. Atomic coordinates, 
temperature factors, bond lengths, bond angles, in tra  and Intermolecular
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contact distances are given in Appendix 4.
Table 2.10 Crystal data, data collection and processing parameters for 
5-ethylamino-4-methyM,2-benzoquinone-2-oxime chloridrate monohydrate.
Formula
MW
System 
Space group
a
calc
Radiation
234.68
Triclin ic 
PI (n. 2)
7.548(1) A 
8.171(1) A 
10.010(1) A 
102.47(6)°
104.35(1)°
94.97(5)°
1.349 g cm"°
Cu (I = 1.54184 A) 
graphite monochromated 
21.92 cm "'
R = E Fo -  Fe /  S F< 
Rw
Weighing scheme 
Crystal size 
Scan type 
Scan speed 
Scan width
0.055
.-2w = a(Fo)
0.35x0.30x0.25 mm 
0 -2 6
2.2° mln‘ ^
(0.8 + 0.14 tan6)°
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Figure 2.18 Selected bond lengths in 5-ethylamino-1,2-benzoquinone- 
2~oxime chloridrate monohydrate.
Figure 2.19 Selected bond angles in 5~~ethylamino-1,2-benzoquinone- 
2-oxime chloridrate monohydrate.
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Comparison of the bond length of the CO group in the s truc tu re  of 
5-ethylamino“ 4-methyl-1,2-benzoquinone-2^xime chloridrate monohydrate 
(Fig. 2.18) to  those reported (Table 2.11) fo r compounds of confirmed 
quinone monooximic structure  show that C(2) -  0(2) (1.326(1) A) is 
longer than the average length of compounds I -  VII. S ignificantly, th is  
bond is longer than the corresponding bond in the free bases 
5-ethylamlno“ 4-m ethyl- 5 -penty l- and 5-hexylamino-1,2-benzoqulnone- 
2-oximes (1.281(1), 1.25(2) Â and 1.281(1) Â respectively). This 
increased bond length is consistent with more single bond character. The 
C(1) -  N(1) bond length (1.302(3) Â) is within the range observed fo r 
oximic C -  N bonds. The C(4) -  N(7) bond (1.310(1) A) is considerably 
shorter than the typical C 2 - NRH bond and thus show that the la tter
•p
has much double bond character.
On the basis of these results, the molecule could therefore be 
represented as a hybrid  of the two structures c and d (Scheme 2.9). 
Further supporting evidence fo r th is  conclusion is provided by 
consideration of the bond distances of the C -  C bonds in the hexa- 
atomlc ring. Thus a pattern of four long and two short bonds were found. 
The short bonds were C(2) -  C(3) (1.356(4) Â) and C(5) -  C(6) (1.339(2) 
Â) confirming the 2,5-oxlme imino s tructure  o f the molecule.
The molecular packing arrangements o f the crysta l are shown in 
Figure 2.20. One o f the most interesting features of the s truc tu re  is 
the extensive H-bonding observed. The three acidic protons o f each 
molecule is H-bonded, two with two d iffe ren t chloride anions and the 
other with a water molecule. The water molecule forms H-bonds with a 
chloride anion and an adjacent oximic nitrogen atom. The chloride Ion is 
thus surrounded by three hydrogen atoms. Stacking interactions between 
the hexa-atomic rings are also present (Fig. 2.21).
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Table 2.11 Selected bond lengths of some previously reported 1,2-quinone 
monooximes
Bond lengths (k)
Compound C -  0 C -  N C -  C C -  &  Refs
' 1 -27 1.32 1.35 1.45 36
1.24 1.30 1.37 1.47 52
1.22
1.24
y
1.31
1.30
1.30
1.31
1.33
1.37
1.47 53
1.46 54
1.45
VI
1.29 1.36 1.46 62
a. Average l e n g t h  o f  the  two s h o r t  bonds; b. Average le n g th  o f  the fo u r  
long bonds
*  R e s u l t s  o b t a in e d  d u r in g  t h i s  s tu d y .
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CHAPTER 3
Copper ( II)  and N ickel(ll) Complexes of 5-Acylamino and 5~Alkylamino-
1,2-benzoquinone-2-oxlmes.
3.1. Introduction
The coordination chemistries o f copper and nickel are extensive 
and are dominated by the divalent ions C u(li) and N i(il) though 
compounds of monovalent copper are widely encountered. Both C u(ll) and 
N i(il) form complexes with N and 0 donor ligands giving either 4, 5, or 
6 coordinate complexes, in the ceise of n icke l(ll), these complexes 
generally have square-planar, tetrahedral, square pyramidal or 
octahedral geometries. For copper(il) however, such regular geometries 
are not often encountered because o f the operation of the Jahn-Teller 
effect. The la tter generally d istorts these geometries, particu larly the 
octahedral.'*^
Both Cud I) and N i(li) readily form thermodynamically and 
kinetically stable chelate complexes. To date several such compounds
3 - 7formed with the bidentate 1,2-quinone monooximes have been reported. 
These compounds all o f which are usually stable, highly coloured 
materials, have been of much interest because of th e ir usefulness in 
analysis^ and organic synthesis.^
As discussed in Chapter 1 of th is  thesis, most transition metal
1,2-quinone monooximates are of the type M(qo) . X-ray crysta l structuren
analysis reported thus fa r '°  have shown all copper(ll) and n lcke l(ll) 
complexes of th is  type to  involve 5-membered chelate rings in which the 
metal is coordinated to the ligand via the oximic nitrogen and quinoid
91
oxygen (eg. Fig. 3.1).
Figure 3.1
Despite the wide interest in oopper(li) and n icke l(ll) complexes 
of various 1,2-quinone monooximes, none of the complexes reported to 
date Involved acylamino or alkylamino substituted ligands except fo r the 
bls(5-”dimethylamino-1,2-benzoquinone” 2-oximato)metal(l I) complexes^
and the recently reported bls(5“ acetylamlno-1 ,2-benzoquinone-2-oxlmato)-
12copper(ll) and n icke l(ll).
Since the introduction of a new substituent into an organic
13 • 16
ligand is known to sometimes markedly affect its behaviour, th is  
study sought to ascertain the influence of acylamino and alkylamino 
groups on the chemistry of 1,2-qulnone monooximes and th e ir metal 
complexes. The interest in the metal complexes surrounds the basicity of 
the amino NH group which raises the possibility of (I) variation In the 
mode of attachment of the ligand to the metal through resonance (Fig.
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3.2j, and (ii) chelate formation by the usually unreactive 1,4-isomers 
through donation of the lone pair on the acyleunino or alkylamino 
nitrogen (Fig. 3.3).
Additionally, the presence o f the basic alkylamino substitutents 
in some of the ligands was thought capable of determining the 
sensitivity of the complexes to pH changes. Specifically, the 
protonation o f the amino group in acid solution or its deprotonation in 
alkaline solution were thought capable o f altering the strength and/or 
nature o f the metal-ligand bond.
Already, the possible contribution o f a 2,5-oxime imino structure  
to the chemistry of the alkylamino substituted 1,2-quinone monooximes 
has been supported by x-ray  crysta l data analysis (see Chapter 2, 
Section 2.7), and th e ir stabilty in acid media is implied by the ir 
synthesis in the presence of concentrated mineral acids.
Figure 3.2. Figure 3.3.
X G - ‘N-
Another attraction of acylamino and alkylamino substituted
1,2-quinone monooximates is the synthetic possibilities presented by the 
presence o f the relatively labile NH proton in these molecules.
In th is  work therefore, the synthesis and characterisation of a 
series of copper(ll) and n icke l(ll) complexes of 5-acylamino and 
5-alkylamino substituted 1,2-benzoquinone-2-oximes has been studied and
93
the results are presented in th is  chapter. Two synthetic routes, both of 
which have been widely used in the synthesis of related compounds were 
investigated. The f ir s t  involved the nitrosation of an appropriate 
phenol in the presence of hydrated copper(ll) or n icke l(ll) chloride 
(Reaction 3.1).^^“ ®^
Reaction 3.1
OH
NoN02/Ac«tic Actd^ 
Trensition m«tal molt
The second route was the reaction of methanolic solutions of the 
relevant 1,2-quinone monooxime with the aqueous metal salt (Reaction
3.2). 2 0 - 2 4
Reaction 3.2.
.NOH
C C  • MX.
HjO/MeOH M
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3.2 Synthesis and Characterisation of Copper(ll) and N ickel(ll)
Complexes o f 5-Acylamino and 5-Alkylamino-1,2-benzoquinone-2-oximes.
Nitrosation of the 3-acyl2tfninophenols with sodium n itrite /ace tic  
acid in the presence of copper(ll) chloride dihydrate gave brown 
multicomponent solids. Separation of these mixtures by Soxhiet 
extraction with ethylacetate or dichloromethane gave the dark brown 
bis(5-acylamino-1,2-benzoquinone-2-oximato)copper(lI) dihydrates eis the 
residues and in high yields. Concentration o f the extracts gave the 
corresponding yellow 3-acylamino-1,4-benzoquinone-4-oxime.
Similarly, nitrosation of the 3-acyl2tfnlnophenols In the presence 
of n icke l(ll) chloride hexahydrate gave orange solids. Soxhiet 
extraction of the la tter with ethylacetate or dichloromethane afforded 
pure orange bis(5-acylamino-1,2-benzoquinone-2-oximato)nickel(l I) 
hydrates in good yields as well as small amounts of the
3-acy I am I no-1,4-benzoq u i none-4-ox I mes.
By contrast to th e ir acylamino analogues, the nitrosation of the
3-alky lemninophenols with sodium n itrite /acetic  acid in the presence o f 
copper(ll) or n lcke l(ll) chloride afforded orange-brown multicomponent 
solids from which the bis(5-alkylamino-1,2-benzoquinone-2-oximato)- 
copper(ll) monohydrates o r bis(5-alkylamlno-1,2-benzoqulnone-2-oxlmato)- 
n icke l(ll) dihydrates were recovered in poor yields again by Soxhiet 
extraction. For reasons discussed in Chapter 2, the diethyl ether and 
dichloromethane extracts were thought to contain N-nitroso compounds and 
therefore were not investigated fu rthe r.
Both the hydrated acylamino and alkylamino complexes were 
recovered in almost quantitative yield when methanolic solutions of the 
free substituted 1 ,2-quinone monooximes were reacted with aqueous
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c o p p e r ( l l )  o r  n i c k e l ( l l )  c h lo r id e .
The emhydrous complexes were obtained from the corresponding 
hydrates by macroscale pyrolysis at temperatures between 90 and 140 °C 
and at a pressure of 0.1 mmHg.
A lth o u g h  t r a n s it io n  m etal 1 ,2 -q u in o n e  m onooxim ates a re  k n o w n  to  
u n d e r g o  s e v e ra l k in d s  o f re a c tio n s  w ith  L e w is  b a se s, th e  com plexes 
p re p a re d  d u r in g  t h is  s t u d y  o n ly  g a v e  a d d u c ts  o f  th e  t y p e  C u ( q o )2.p y ,  
N i(q o ) .p y  a n d  M (q o ) , .d ip y  o n  re a c tio n  w ith  p y r id in e  a n d  2 ,2 -d i p y r ld y l
r e s p e c t iv e ly .
The isolation of only 1:1 adducts of the acylewnino substituted
c o p p e r ( I I )  com plexes w ith  p y r id in e ,  a g re e s  w ith  p re v io u s  re s u lts  f o r
re la te d  c o m p o u n d s.^"®  In t e r e s t in g ly  h o w e v e r, t h is  is in d ir e c t
c o n tra s t  to  th e  r e s u lts  o b ta in e d  w ith  th e  5 -a c e ty la m in o  a n a lo g u e  f o r
12
w h ic h  a  b is -p y r id in e  a d d u c t  h a s  been r e p o rte d .
Usually the formation o f 2:1 adducts of the type CuL2(py )2 (where 
L is a bidentate ligand) which requires the copper(ll) ion to  be six 
coordinate and octahedral, is only observed in the presence of strongly
2 9 , 3 0 Theelectron withdrawing ligands like hexafluoroacetylacetonate. 
isolation therefore, o f a b is-pyrId ine adduct of bis(5-acetylamino-1 ,2-  
benzoquinone-2-oximato)copper(lI) may be accounted fo r in terms of the 
electron withdrawing effects of the acetylamino group in the ligand. The 
fa ilure  of the heavier homologues to  form bis-pyrid ine adducts could 
arguably be due to th e ir relatively lower electron withdrawing
potential.
Both the complexes and Lewis base adducts reported here 
decomposed on heating at temperatures between 190 °C and 300 °C. As 
might be expected, the compounds showed varying degrees of so lubility in 
common organic solvents as the size and nature of the substituent
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c h a n g e s . T h u s ,  b ls (5 -p r o p io n y la m in o -1 ,2 -b e n z o q u in o n e -2 -o x im a t o )-  
n i c k e l ( l l )  h e x a h y d ra te  w as f o u n d  to  be s o lu b le  In m e th a n o l, a ce to n e  a n d  
t e t r a h y d r o f u r a n  b u t  In s o lu b le  In d ie th y l e t h e r  a n d  d ic h lo ro m e th a n e . B y  
c o m p a ris o n , b ls (5-h e p ta n o y la m in o ” 1 ,2-b e n z o q u ln o n e -2-o x lm a t o )c o p p e r ( l l )  
d Ih y d r a t e  w as v e r y  s o lu b le  In a ce to n e , m e th a n ol a n d  t e t r a h y d r o f u r a n ,  a n d  
s p a r in g ly  s o lu b le  In d ie th y l e th e r  a n d  d ic h lo ro m e th a n e . A ll th e  
com p le xe s a re  r e a d ily  s o lu b le  In d im e th y l s u lp h o x id e .
3.3 Structural Studies of Bls(5-acylamlno)”  and Bls(5-alkylamlno-1,2”  
benzoqulnone-2-oxlmato)metal(ll) Complexes and th e ir Lewis Base Adducts.
The complexes and 3-acylamlno-1 ,4-benzoqulnone-4-oxlmes Isolated
from the nitrosation of the S-acylemilnophenols In the presence of
copper(ll) and n lcke l(ll) chloride were characterised by elemental
analysis, IR and NMR spectroscopy (where applicable) as well as mass
spectrometry and magnetic measurements. On the basis of elemental
analysis, the complexes were formulated as M(qo)g.nL (n = 0 -  6; L =
H 0). Similarly, the pyridine and 2,2-d lpyrldyl adducts were formulated 
2
as M(qo)-.(py) and M(qo) .(d ipy) (M = Ni, n = 2; M = Cu, n = 1).
2 n »
Thermal gravimetric analysis of M(qo)2*nH20 (Table 3.1), showed 
gradual and quantative loss o f water at temperatures between 90 and 140 
°C, followed by decomposition o f the parent complexes M(qo)2* Similarly, 
t.g.a. of Cu(qo)-.py (Table 3.2) showed quantitative loss of one mole of 
pyrid ine per mole of complex at temperatures below 200 °C again followed 
by decomposition of the parent complexes. By contrast, t.g.a. of 
Niqo) .py and M(qo),.dlpy (Table 3.2) showed no loss of ligands, the 
compounds decomposing In a single step at temperatures between 190 and
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300 °C.
Table 3.1 Thermal gravimetric analytical data for M(qo)^.xH^O (M = Cu, 
Ni; X = 1 -  6).
Compound Weight of Decomposi t  ion 
temperature
sample Weight loss (mg) . (“ cj of
(mg) Found Caie M(qo)^
Cu(5-Buqo)2.2H20 119 90 -  120 8 8 230 -  235
Cu(5-Hpqo)2.2H20 114 100 -  110 7 7 230 -  238
Cu(5-Hxqo)2.H20 120 120 -  130 4 4 215 -  220
Cu(5-Hptqo)2.H20 112 110  -  120 4 4 2 0 0 -2 0 5
Cu(5-Et-4-Meqo)2.H2P 116 115 -  130 5 5 220 -  225
Ni(5-Prqo)2.6H20 128 100 -  120 25 23 240 -  245
Ni(5-Buqo)2.6H20 106 105 ”  130 20 18 250 -  253
Ni(5-Peqo)2.4H20 86 110 -  140 11 11 232 -  240
Ni(5-Hpqo)2.4H20 105 110 -  130 9 8 240 -  245
Ni(5-Hxqo)2.2H20 120 110 -  130 12 12 250 -  253
Ni(5-Hptqo)2.2H20 117 115 -  120 9 9 250 -  253
NI(5-Et-4-Meqo)2.2H ^0 123 9 0 -1 2 0 27 25 230 -  235
a *  T a n p a r a tu r e  o f  tha l o s s  o f  watar
b ■  Maxima on tha r a t a  o f  wa ight  l o s s  a g a i n s t  tam para tu re  c u rv e  
c ■  C a l c u l a t e d  f o r  tha lo s s  o f  watar
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Table 3.2. Thermal gravimetric analytical data for M(qo)^.(py)^, and
M (qo)..(dipy) (M = Cu, Ni; n = 1, 2),
Compound Weight of
sample
(mg)
Decomposi t ion 
temperature
Weight loss (mg) C) of
Found Calc M(qo)^ ^
Cu(5-Buqo)2(py) 109 130 - 150 15 15 240 - 243
Cu(5-Hpqo)2(py) 113 120 - 140 14 14 220 - 225
Cu(5-Hxqo)2(py) 121 130 - 140 17 16 240 - 245
Cu(5-Hptqo)2(py) 99 120 - 150 13 13 250 - 255
Cu(5-Et-4-Meqo)2(py) 114 130 - 160 18 18 250 -■ 258
Cu(5-Buqo)2(dipy) 120 - - — 250 -- 255
Ni(5-Prqo)2(py)2 109 — — — 240 -- 245
Ni(5-Buqo)2(py)2 122 — — — 240 -- 243
Ni(5-Peqo)2(py)2 107 — — — 235 -- 240
NI(5-Hpqo)2(py)2 111 - — — 230 -- 236
Ni(5-Hxqo>2(py)2 122 — — - 240 -- 245
Ni(5-Hptqo)2(py)2 110 - - — 250 ■- 255
Ni(5-Et-4Meqo)2(py)2 121 - — — 250 •- 255
Ni(5-Buqo)2(dipy) 110 - — — 230 -  240
NI(5-Hptqo)2(dipy) 113 — — — 250 -  260
Ni(5-Et-4Meqo)2(dipy) 122 — — — 250 -  260
a B T a n p e ra tu r e  o f  the l o t s  o f  p y r i d i n e
b > Maxiea  on the  r a te  o f  w e ight  lo s s  a g a i n s t  t e a p e r a t u r e  c u r v e  
c ■  C a l c u l a t e d  f o r  the lo s s  o f  p y r i d i n e
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The IR spectra of the hydrated complexes (eg. Fig. 3.4) contained 
prominent bands between 3500 cm *' and 3400 cm *' assignable to  pOH o f the 
eissociated water molecules and pNH o f the acylamino or alkylemtino groups 
respectively.
The formulation of the ligands in these complexes as quinone 
monooximic was supported by the presence of strong bands in the carbonyl 
region of the spectra (Table 3.3). In the case of the acylamino 
substituted complexes, two strong bands between 1715 cm *' and 1620 cm~' 
assignable to the amido uCO and to the quinoid tOO respectively, were 
present. The quinoid t^ CO o f the alkylemiino substituted complexes occurred 
at about 1623 cm *'. The position of these bands is typical of
1 .2-  qulnone monooximic complexes in which the quinoid carbonyl is 
involved in binding the metal. The IR spectra of the pyrid ine and
2.2-  d ipyridy l adducts had the same general characteristics as tha t of 
the hydrated complexes.
By comparison with the hydrated complexes and Lewis base adducts, 
the quinoid i^ CO of the anhydrous complexes occurred at considerably lower 
frequency in the IR spectra (eg. Fig. 3.5). The quinoid i^ CO bands 
occurredat between 1605 cm *' and 1602 cm *' fo r the acylamino substituted 
complexes, and between 1610 cm*' and 1605 cm *' fo r th e ir alkylamino 
analogues (Table 3.4).
This marked lowering of the quinoid uCO stretching frequency in 
the anhydrous complexes relative to both the free ligands (see Chapter 
2) the hydrates and Lewis base adducts, is indicative of decreased 
double bond character of th is  group. The la tter may be a ttribu ted  to the 
greater interaction of the quinoid carbonyl moiety with the metal on 
dehydration, and to its possible involvement in intermolecular bonding.
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Figure 3.4. IR spectrum of Ni(5-Peqo)^.6H^.
Figure 3.5 !R spectrum of Cu(S-Hxqo)
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Table 3.3 Selected IR bands and their assignment for M(qo)^.nH^O (M = Cu 
and Ni; n = 1 -  6).
Complex vOH vNH an ido q u i n o i d
/cm” ' /cm ” ' /cm” ' /cm” '
Cu(5-Buqo)2.2H20 3413 3280 1710 1623
Cu(5-Hpqo)2.2H20 3428 3249 1708 1621
Cu(5-Hxqo)2.H20 3418 3256 — 1622
Cu(5“ Hptqo)2.H20 3394 3246 — 1623
Cu (5-Et-4-Meqo) 3411 3217 — 1623
Ni(5-Prqo)2.6H20 3551 3243 1717 1626
Ni(5-Buqo)2.6H20 3556 3200 1711 1626
Ni(5-Peqo)2.4H20 3564 3245 1711 1626
Ni(5-Hpqo)2.4H20 3560 3248 1709 1624
Ni(5-Hxqo)2.2H20 3418 3256 — 1622
Ni(5-Hptqo)2.2H20 3394 3246 - 1623
Ni(5-Et-4Meqo)2.2H20 3411 3217 1623
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Table 3.4 Selected IR bands and their assignment for M(qo)^ (M = Cu,
Complex ^OH ifNH vCO . .an ido vCO . .q u i n o i d
/cm “ ^ / c m ” ' /cm ” ' /cm ” '
C u (5 -B u q o )2 3260
1690 1602
C u (5 -H p q o )2 3218 1688
1605
C u (5 -H x q o )2 3209
— 1612
C u (5 -H p tq o )2 3220
— 1609
C u (5 -E t-4 M e q o )2  ” 3227
— 1613
N i(5 -P rq o )2 3218
1696 1602
N i(5 -B u q o )2 3227
1687 1603
N i(5 -P eq o )2 3228
1685 1602
N I(5-H pqo)2 3203
1689 1603
N i(5 -H xqo)2 3209
— 1612
N i(5 -H p tq o )2 3220
— 1609
N I(5 -E t-4 -M e q o )2  " 3227
1613
The observed room temperature magnetic moment of the hydrates, 
pyrid ine and 2,2-d ipyridyl adducts (Table 3.5), ranged from 1*79^^ to
2.03 fo r the copper(ll) complexes, and from 2.87^^ to 3.21 fo r the 
n icke l(ll) complexes. These values which approximate the spin only 
magnetic moment fo r C u(ll) and N i(ll), and which agree with that 
reported fo r related complexes,^^'^^ suggest that the compounds are all 
magnetically dilute and therefore monomeric in the solid state.^^
By contrast, the observed room temperature magnetic moments fo r
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the anhydrous complexes (Table 3.6) ranged from 0.99^^ to  fo r the
copper(ll) complexes and from to n icke l(ll)
analogues. This lowering of the magnetic moment on dehydration suggests 
that the water molecules were involved In direct coordination to  the
metal Ion in the hydrated complexes.
Subnormal magnetic moments as those found fo r  the anhydrous 
complexes prepared during th is  study have been observed previously fo r 
related compounds. The phenomenon has been accounted fo r in terms of
35
association and antiferromagnetic metal-metal interaction. Thus, It 
has been suggested tha t th is  association Is brought about by the sharing 
of the donor pair on the quinoid oxygen of one ligand between two 
neighbouring metal lons.^® In the anhydrous complexes therefore, the 
quinone monooximic moiety is behaving both as a chelating and a bridging 
ligand resulting In the formation of an oligomeric species (Fig. 3.6).
A similar kind of interaction has been observed In Schiff base 
complexes of copper(ll) and n icke l(ll), as well as bls(dimethyl— 
glyoxlmato)copper(lI). In these cases, dimeric species formed by the
37 38
sharing of oxygen atoms were found.
Support fo r the involvement of the quinoid carbonyl group in 
Intermolecular association was evident from the marked lowering of the 
quinoid t^ CO band in the IR spectra of the anhydrous complexes compared 
to both the free ligands and the hydrated complexes. Confirmation of 
association in the anhydrous complexes was afforded by the presence of 
species corresponding to and in th e ir LSIMS mass
spectra (see Section 3.4).
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Table 3.5 Room temperature magnetic moments of M(qo)^.xH^O, M(QO)^,py^ 
and M(qo)^.dipy
Complex " . r r
Cu(5-Buqo)2.2H20 1.79
Cu(5-Hpqo)2.2H20 1.86
Cu(5-Hxqo>2.H20 1.93
Cu(5-Hptqo)2.H20 2.01
Cu (5-Et-4Meqo) 1.88
Ni(5-Prqo)2.6H20 3.03
NI(5-Buqo)2.6H20 3.06
Ni(5-Peqo)2.4H20 2.97
Ni(5-Hpqo)2.4H20 2.92
Ni(5-Hxqo)2.2H20 3.21
NI(5-Hptqo)2.2H20 2.87
Ni(5-Et-4-Meqo)2.2H20 3.08
Cu(5-Buqo>2(py) 1.84
Cu(5-Hpqo)2(py) 2.08
Cu(5-Hxqo)2(py) 2.03
Cu(5-Hptqo)2(py) 1.93
Cu(5-Et-4-Meqo)2(py) 1.86
Cu(5-Buqo)2(dipy) 1.95
NI(5-Prqo)2(py)2 3.03
NI(5-Buqo)2(py)2 3.11
Ni(5-Peqo)2(py)2 2.97
Ni(5-Hpqo)2(py>2 3.05
Ni(5-Hxqo)2(py)2 3.13
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Table 3.5 contati..,
NI(5“ Hptqo)2(py)2
Ni(5-Et-4Meqo)2(py)2
Ni(5“ Buqo)2(dipy)
Ni(5-Hptqo)2(dipy)
NI(5-Et-4Meqo)2(dipy)
Table 3.6 Room temperature magnetic moments of M(qo),^
Complex • f f
CuiS-Buqo)^ 1.01
Cu(5-Hpqo>2 1.01
Cu(5-Hxqo)2 0.99
Cu(5-Hptqo)2 1.21
Cu(5-Et-4-Meqo)2 1.08
NiCS-Prqo)^ 1.38
NKS-Buqo)^ 1.29
NKS-Peqo)^ 1.11
NKS-Hpqo)^ 1.15
NKS-Hxqo)^ 1.08
NKS-Hptqo)^ 1.10
NI(5-Et-4-Meqo)2 1.21
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The Intense colour of transition metal 1,2-quinone monooximates 
has made them amenable to solution electronic spectral studies. However,
In most cases, particularly those Involving f ir s t  row transition metal 
ions, little  structura l Information can be derived from the spectra. The 
latter are usually characterised by Intense ligand charge-transfer 
absorption bands which originate in the UV region and ta il Into the 
visible. These bands tend to mask any d-d transition making th e ir
39
unambiguous assignment d ifficu lt.
Because of the great d ifficu lty  of isolating free 1,2-quinone 
monooximes, (except the naphthoquinone monooxImes), it has not been 
found possible until now, to compare the solution electronic spectra of 
many free ligands and the ir metal complexes. In th is  work however, the 
successful isolation of the free ligands has made such a comparison 
possible.
Thus, the solution electronic spectra in methanol of the hydrated 
complexes, the Lewis base adducts, and the free ligands were recorded. 
As fo r previously reported complexes of th is  type, the UV spectra of the 
complexes and adducts were largely dominated by ligand charge transfe r 
absorption bands, though in the case of the n icke l(ll) complexes, (eg. 
Fig. 3.7) they also contained absorption bands expected fo r an 
octahedrally coordinated n icke l(ll) ion.^°'^^ At low concentrations, 
only two of the three bands are apparent and they were assigned as 
follows;
V = 464 nm  = 26596 c m "^  ^Tig(P) <-
3
u = 376 nm  = 20619 c m "^  ^Tig(F) <- 
2
A29(F)
’ A29(F)
At high concentrations, the th ird  allowed transition fo r the octahedral 
N l(ll) ion and which corresponds to lODq wiis observed. This band was
--------  ^A2g(F). All• 1 3assigned to = 888 nm = 11111 cm T2g(F) <-
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the bands had high extinction coefficients (Tabie 3.7).
For the copper(ll) complexes, no unambiguous eissignment of the 
observed bands was possible since, as Is commonly the case, the allowed 
d—d transitions were masked by intense ligand charge transfe r bands, 
(eg. Fig 3.8). The observed band were relatively broad and had high
extinction coefficients (Table 3.7).
Considerable blue or hypsochromic sh ifts  in the ligand field of 
the complexes, relative to tha t of the free  ligands were observed (Fig. 
3.9). These sh ifts  are consistent w ith the presence o f strong 
metal-ligand Interactions and the involvement of the quinoid carbonyl 
group in binding the metal.
Figure 3.7. UV/Vis spectrum of Ni(5-Peqo)^.6H^0.
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Figure 3.8 UV/Vis spectrum of Cu(5-Buqo)^.2H^0,
ro
Figure 3.9 UV/Vis spectra of Ni(5-Hxqo)^.2H^O and 5-HxqoH.
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3.4. Mass Spectral Studies of Copper(ll) and N lckel(ll) 1,2-Qulnone 
Monooximates.
IR and magnetic moment data fo r the complexes and adducts 
prepared during th is  study point towards monomeric structures fo r the 
compounds M(qo)2.nH20, and M(qo)2.nL. By contrast, these studies suggest 
that fo r the anhydrous complexes Miqo)^, there is association in the 
solid state leading to  the formation of oligomeric species.
In order to  confirm these proposals, mass spectral analysis of 
the complexes and adducts was undertaken. Primarily, the Identification 
and assignment o f metal containing ions which Is facilitated by the 
characteristic isotopic pattern of the metal, was the parameter used. 
This study was also extended to related compounds with a view to 
assessing the generality o f the observations made regarding the 
association of metal 1 ,2-qulnone monooximates In the solid state.
The mass spectra of some metal 1 ,2-qulnone monooximates have been 
reported previously.® These spectra were obtained by electron Impact 
using an ionizing voltage o f 70 eV. At such high voltages extensive 
fragmentation of the complexes resulted. Interestingly, the spectra so 
obtained, showed the complexes to exist at least In part as dimers In 
the vapour state. However, the high operating temperatures at which El 
experiments are conducted and which allow fo r many thermal reactions 
meant the dimeric species were of very low abundance.
In th is  study, a less energetic means o f sample ionization was 
used to obtain the spectra o f the subject complexes. Liquid secondary 
Ion mass spectrometry or LSIMS is a relatively new technique which is 
reputed to be best suited fo r recording the mass spectra of compounds 
which are d iffic u lt to  vapourize or which may decompose on
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vapourization/^'^®  In th is  technique, an ion beam (primary ion source) 
is used to bombard the sample in solution (viscous liquid matrix). This 
bombardment results In the sputtering o f or ejection of such secondary 
species as ions, atoms, molecules, electrons and photons from the 
surface of the bulk sample. Some of these ejected species are ammenable 
to detection by a mass spectrometer and it  is the analysis of these
species which forms the basis of SIMS.
Usually, but not always, the use o f an organic liquid solvent fo r 
example glycerol, as a matrix, is necessary to enhance spectra 
recording.'*® Therefore, the solubility o f the sample in the chosen 
matrix and the conductivity of the la tter are important. During th is  
study, glycerol o r 2-nitrobenzylalcohol were used as the matrix and the
primary ion source was a cesium ion gun.
Because LSI MS involves the use of less a energetic means of
ionization, (< 20 eV), the extensive fragmentation observed in electron
Impact experiments Is not usually a problem. Typically In LSIMS spectra
therefore, molecular weight information Is retained and the molecular
+ *
Ion [P ]* ‘ or an ion corresponding to [P + 1] is the base peak.
*  tP l  i s  used here in  p la c e  o f  [Ml to r e p r e s e n t  the  m o le c u la r  ion  so as 
not  to  be con fu sed  w i th  the use o f  M f o r  the m eta l  io n .
Except in the case bls(5-proplonylam ino-1 ,2-benzoqulnone- 
2-oxlmato)nickel(ll) fo r which the base peak corresponded to  a species 
[ML + 23]*, the most prominent Ion in the LSIMS spectra of the M(qo)2» 
(M = Cu and Ni) (eg. Figs. 3.10 and 3.11, Table 3.8) corresponded to a 
species CM L ]* . The presence of such fragment Ions and th e ir high 
relative abundances suggests tha t the complexes prepared during th is  
study were associated even In solution. This observation thus confirms 
the proposal fo r association in the solid state in itia lly  made on the
113
basis of the low room temperature magnetic moment obtained fo r the 
anhydrous complexes.
It has been suggested that the d istribution o f ions measured by 
LSI MS reflects the composition of the species in the matrix as well as 
the species arising from the primary Ion source employed. Evidence of 
such a relationship was observed during th is  study. For example, in some 
of the spectra, species 23 and 136 mass units greater than the expected 
value were found. These fragment Ions were assigned to [P + Na]* and [P 
+ Cs]*, the alkali metal Vesidues" arising from the caesium ion gun 
used as the principal Ion source. Additionally species associated with 
the matrix itse lf (glycerol and 3-nltrobenzylalcohol) were observed.
Figure 3.10 LSiMS mass spectrum of Ni(5-Hpqo)^
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Figure 3.11 LSIMS mass spectrum of Cu(5-Hxqo)
100—1
0—J
100— 1
0— ' s a sn 4-
fOO
115
Table 3.8 M/Z figures for selected ions in the LSI MS mass spectra of 
copper(ll) and nickel(ll) 1,2-quinone monooximates.
Complex Ion Assignment and Relative Abundance
IL+H]* [MLj+H]* [MLj+Na]* CM3I
271 478 501 541 748 —
(18) (100) (8) (18) (8) —
285 507 — 569 790 —
(35) (100) — (7) (5) —
^243 422 — — — —
(23) (100) — — — —
236 408 — 471 643 —
(7) (100) — (8) (4) —
236 408 — 471 643 708
(88) (100) — (91) (43) (15)
252 445 468 — 696 —
(1) (10) (100) — (17) —
266 473 497 531 738 796
(13) (35) (9) (6) (100) (10)
280 501 524 559 780 838
(6) (2) (5) (7) (100) (13)
308 557 581 615 866 —
(6) (30) (23) (8) (100) —
237 415 438 473 651 709
(1) (9) (100) (1) (26) (1)
1^ 238 418 — 475 654 —
(10) (100) — (5) (28) —
Cu(5-Buqo).
Cu(5-Hxqo).
Cu(1-nqo).
Cu(2-nqo).
Ni(5-Prqo).
Ni(5-Buqo).
Ni(5-Peqo),
Ni(5-Hpqo),
Ni(4-^Buqo),
Numbers in  p a r e n t h e s i s  a re  the r e l a t i v e  abundances.
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Interestingly, the LSIMS mass spectra of the pyrid ine adducts 
(eg. Fig. 3.12) contained no ions corresponding to M(qo) .n(py). 
However, ions assignable to CML(py)]*', and [M L (py)]^* were observed 
(Table 3.9). In addition, the spectra also contained prominent [ML ] ^ ’ , 
[MgLg]*' and ions. The presence of both sets of ions suggests
that fragmentation of the adducts involves either in itia l loss of ligand 
radicals or of pyridine. A decomposition pathway Involving the Initial 
loss of pyridine was supported by the presence of the bimetallic ions 
and CMgLg]  ^ in the mass spectra of the adducts. The occurrence 
o f such ions could probably be explained by ion/molecule interactions 
and subsequent loss of a ligand radical and pyridine (Scheme 3.1).
Like fo r the pyrid ine adducts, the LSIMS mass spectra of the
2,2-d lpyridyl adducts (eg. Fig. 3.13) contained no molecular ion. These 
spectra displayed highly prominent Ions [M (dipy)]* and [M (qo)d ipy]^'. 
The presence of Ions such as [M (dipy)]* In the mass spectra of the 
copper(ll) complexes is not surpris ing  since copper(ll) is known to 
undergo facile, single electron reductions to the re latively stable 
copper(l). However, with nickel, such reactions are not widely 
encountered and the ir occurrence here could only be due to some 
stabilisation of monovalent nickel afforded by n electron donation by 
the bidentate Lewis base.
Reactions of the type mentioned above are not novel and some 
explanation based on the redox potential of the metal ions have been 
proferred previously In the form of the valence-charge concept.^®' 
This principle suggest that the odd or even electron character of the 
metal containing Ion is determined by the the capacity of the metal to 
accept ligand electrons or to donate electrons to the ligands. Thus, the 
presence of certain ions in the mass spectra of metal complexes and
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the ir relative abundances is Influenced by the metal Ion structure  and 
the relative stabilities of the oxidation states under experimental 
conditions.
In addition to the Ions mentioned above, the mass spectra 
of the M(qo) (dipy) contained bimetallic Ions CMgl-gl* • The formation of 
such Ions can be rationalised In the same way as fo r the ir pyridine 
analogues.
Scheme 3.1
- p y
M L,(py)-------------► m l . ^  [ML 1
♦  .
MLg + ^ ^^2 ^^
ML^ipy) + tMLg]
♦  . -L - [M2L3(py)3
Figure 3.12 LSIMS mass spectrum of Ni(5-Hpqo)^(py)^.
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Table 3.9 M/Z figures for selected Ions in the LSIMS mass spectra of
M (q o )Jp y) (M = Cu(ll), N id i); n = 1, 2).
z n
Complex Ion Assignment and Relative Abundance
[ML+H]* [MLB+H]* [ML3+H]* CMJ.L3+H]* [M3L3+H]*
Cu(5-Buqo) (py) 271 350 501 564 771 850
(8) (3) (100) (10) (6) (12 )
Cu(5-Hxqo) (py) 285 363 506 569 790 869
(3) ( 10) (100) (5) (12 ) (8)
Ni(5-Prqo) (py) 252 445 468 696 — —
(1 ) (10) (100) (17) — —
Ni(5-Buqo)2(py)2 344 473 531 739 —
— (4) (9) (5) (8) —
NI(5-Hxqo) (py) 280 — 501 559 780 858
(1 1 ) — (100) (8) (49) (3)
Ni(5-Hpqo)2(py)2 387 557 615 864 942
- (6) (81) (10) ( 100) (3)
B B p y r i d i n e
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CHAPTER 4
Palladium(ll) and Platlnum (ll) Complexes of Acylamino and Alkylamino 
Substituted 1,2-Benzoqulnone Monooximes.
4.1 Introduction
Complexes o f both palladium and platinum have been widely 
reported. In fact, the study of platinum complexes by Alfred Werner and 
his contemporaries has played a most Important role in the development 
of cu rren t theories on coordination chemistry isomerism and inorganic 
reaction mechanisms.'
As Is typical of transition metal elements, both palladium and 
platinum can exhib it a wide range of oxidation states. To date, 
compounds in which these metals are present in oxidation states from 0 
to +6 have been reported.' However, the chemistry of both elements is 
dominated by the the +2 and +4 oxidation states. For platinum, the 
coordination chemistry of both the +2 and +4 states Is extensive despite 
the tendency fo r the la tter to  be reduced to +2 by S, Se, P, and As 
donors.^ By contrast, palladium, because of its higher ionization 
potential. Is found largely as Pd^*. This study is concerned only with
the divalent metals.
Palladium(ll) and platlnum (ll) Interact with a wide variety of 
ligands forming either ionic (1) o r neutral complexes (2). Being class b 
acids, both ions prefer N donor ligands to 0 donor ligands, though 
complexes in which the metal Is coordinated exclusively to oxygen, fo r 
example the anhydrous acetates (eg. 3), are well known.
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Because of the greater sp litting  of metal d-orb ita ls  in the 
ligand fie ld fo r 2"^ and 3*^ ** row transition metal complexes, both Pd(ll) 
and P t( ll)  complexes tend to  be high spin, diamagnetic, and generally 
square planar. However, five  coordinate, square pyramidal complexes of
7
both palladium and platinum are known.
Traditionally, palladium and platinum complexes have found much 
use as catalyst,* and In organic synthesis. However, much o f the recent 
interest In complexes of both metals have focussed on th e ir medicinal 
application. This surge in interest which began In 1969 with the 
discovery of the anti-tumor activ ity  of c/s-diewnminedichloroplatinumdl) 
or cisplatin (4 )'°  has led to a proliferation in the number o f palladium
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Table 4.1 Some palladium and platinum containing anti-tumor agents
Compound Common Name Reference
/ C l
Pt
'^C l Cisplatin 13
0g
0
Carboplatin 13
0§
0
Malonatoplatin 13
Corboplatin
a ; > c : ^ < o
2 0^ O''
DCCAP 13
OH
^ C H - N H ^  1 / C l
C H i-C H — N H ^  1 '^ C l 
^ /  *  OH 
C H ,
Iproplatin 11
«2
1
«2
cis~diaminoethanenitratopalladium(ll) 12
^ N H z  +
HN— Pt — Cl
C 1
N — NHg
[PtdIenCI]* 13
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Numerous complexes of both pAlladium(ll) end platinum (ll) with 
oximic type ligands have been reported. '  In the case of the 
complexes formed with dioximic ligands^ it  has been shown that the metal 
is bound via strong metaHnitrogen bonds (eg. Fig. 4.1). Similarly, in 
the complexes of mixed N, 0 donor ligands such as salicylaldoxime and 
8~hydroxyc|uinoline, the metal Is bound via nitrogen and a neighbouring 
oxygen atom forming 5~membered chelate rings (eg. Fig. 4.2) not 
dissimilar from that observed in the complexes o f 1,2-quinone 
monooximes. The tendency fo r these metals to form stable chelate 
complexes with oximic type  ligands is fu rth e r demonstrated by the 
formation of bis-monooximato complexes with aromatic monooximes. In 
these complexes (eg 5), the metal is bound via the oximic nitrogen and a
ring carbon.
Figure 4.1
1
Y
Jci?
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>C(2) 0(1)
C(l)
Y
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Figure 4.2
Ph
\
C = N - O H
Ph
Despite the wealth of interest in palladium and platinum
complexes, the immense synthetic and biological potential of 1,2~cjuinone
monooximic ligands, and the proven s tab ility  of palladium and platinum
complexes with other oximes, few studies of complexes of these metals
with 1,2-quinone monooximes have been reported. In fact, the only report
available to date deals with the analytical application of the compounds
and thus, few details on the ir synthesis, characterisation o r properties 
18were given.
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In th is  work therefore, the synthesis and detailed structura l 
characterisation of palladium(ll) and platinum (ll) complexes of selected
1,2-quinone monooximes are described. Two synthetic routes were 
investigated. These were (i) the nitrosation o f an appropriate phenol in 
the presence of the metal salt, and (ii) the d irect reaction of a 
methanolic solution of the free ligand with aqueous palladium dichloride 
or p>otassium tetrachioroplatinate(l I).
4.2. Synthesis of P d(ll) and P t( ll)  Complexes o f 5-Acylamino and 
5-AI kylamino-1,2-benzoquinone-2-oxlme.
Nitrosation o f 3-acetyl ami nophenol and 3 -b u ty r y lami nophenol with 
sodium n itrlte /acetic  acid in the presence of palladlumdI) chloride 
gave dark brown solid mixtures. Separation of the la tter by Soxhiet 
extraction with dichloromethane afforded bls(5-acylamino-1 ,2-benzo- 
quinone—2“ Oximato)palladlum(lI) in high yields. Such complexes were also 
obtained by the d irect reaction of aqueous palladium(li) chloride with 
methanolic solutions of selected l , 2-benzoqulnone-2-oximes.
In contrast, the reaction of the 3-acy lami nophenols with sodium 
n itrlte /acetic  acid In the presence o f potassium te trach loro- 
p latlnate(ll) failed to give the platinum complexes. Instead these 
reactions afforded black, multicomponent solids which could not be 
satisfactorily separated. However, elemental analysis of these solids 
showed them to have high nitrogenimetal ratio.
The fa ilure  to isolate Ptiqo)^ complexes by the nitrosation 
method was not surpris ing  because of the well known propensity of 
platinum to form nitrosyl complexes. The facile reaction of platinum
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with nitrous oxide, the nitrosating agent in these experiments, has been 
demonstrated previously by the formation of œmplexes such as 
KCPtiNOKIg] and K[Pt(N0 )pyRCl2] by reaction o f a platinum salt with
19 20nltrosyl chloride. ' The high metahnitrogen ratio m the solids
recovered by the nitrosation of the phenols in the presence o f potassium 
tetrachloroplatinateCI I) point towards the formation of analogous 
species though th is  was not confirmed. Similar reactions of palladium 
are less well known.
Inspite of the limitations of the nitrosation method, a number of 
platinum (ll) complexes of the type PtCqo)^ were prepared by the reaction 
of aqueous solutions of potassium te trach loropla tinate(ll) with
methanolic solutions of selected free 1,2-benzoquinone monooximes (Table 
4.2). These reactions afforded dark brown, neutral complexes in high 
yields even at low pH.
All the complexes were stable at room temperature but decomposed 
on heating at temperatures between 250 and 350 °C. They were 
sparingly soluble in common organic solvents like methanol, but were all 
highly soluble in dimethyl sulphoxide.
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Table 4.2 PaHadium(ll) and Platinum(ll) complexes reported in this 
thesis
Ligand Complex Method
5-AcqoH Pt(5-Acqo)2 a
Pd(5-Acqo)2 a, b
5-BuqoH PtiS-Buqo)^ a
Pd(5-Buqo)2 a, b
5-PeqoH Pt(S-Peqo)2 a
5-HxqoH Pd(5-Hxqo)2 a
PtiS-Hxqo)^ a
5-Et-4-MeqoH Pt(5-Et-4-Meqo)_ a
Pd(5-Et-4-Meqo)2 a
a, diraci Method; b, nitrosation Method
4.3. Characterisation and Structural Studies.
Elemental analysis of the palladium(ll) and piatinum (ll) 
complexes prepared during th is  study showed them to have formulations 
PdCqo)^ and PtCqo)^. Thermal gravim etric analysis showed all the 
complexes to decompose in a single step at temperatures between 250 and
350 °C.
It has been shown previously that in th e ir complexes, 1,2-quinone 
monooximes can bind to metals In several ways.^'"^^ Thus, In main group 
and early transition metal complexes, the metal is bound to the ligand
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20-24 , j. .
via the oximic nitrogen and quinoid carbonyl oxygen. In contrast, 
the actinide uranium, forms complexes In which the metal Is bound to the
25
ligand only through the oximic group.
Studies of palladium and platinum complexes with s truc tu ra lly  
related ligands have revealed two possible modes of bonding. Thus, In 
the palladium and platinum complexes o f v io luric acids (6), 
spectroscopic evidence suggest that the metal Is bound via the oximic 
nitrogen and an adjacent quinoid carbonyl oxygen. Though th is  s tructure  
has not been confirmed crystallographically, the spectroscopic 
similarities between these compounds and the ir ruthenium analogue, the 
structure  of which has been established by X-ray crystallography, (Fig. 
4.3)^® wets taken as evidence of 5-membered chelate ring formation.
By contrast, the X-ray crystal s tructure  of the platinum (ll) 
complex of 4—Isonitroso—3-(R)—isoxazol-5-one (Fig. 4.4) show the metal
27
to be bound via the oximic group only.
.CH,
‘N'
t H .
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of the complexes as bis-chelates in which the quinoid carbonyl group Is 
Involved in binding the metal (Fig. 4.6).
Figure 4.5. //? spectrum of Pd(5-Hxqo)
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Table 4.3. IR spectral bands and their assignment for the spectra of 
P d (ll) and P t(ll) complexes.
Complex i^ NH
/cm "'
p COquinoid
/cm‘ ^
PtiS-Acqo)^ 3278 1617
Pt(5-Buqo)2 3288 1619
Pt(5-Peqo)2 3256 1611
Pt(5-Et-4-Meqo)2 3332 1614
Pt(5 -H xqo )2 3253 1607
PcKS-Acqo)^ 3280 1600
PdCS-Buqo)^ 3320 1600
Pd(5-Hxqo)2 3253 1607
Pd(5-Et-4-Meqo)2 3253 1619
Figure 4.6
M
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The room temperature magnetic moments of all the complexes showed 
them to be diamagnetic as expected fo r four coordinate, cP systems.
Like other transition metal ions, palladiumdI) and platinum (ll) 
have excited states which allow fo r spectroscopic analysis of the ir 
compounds. The cP configuration of these square planar complexes gives
3 28rise to a tr ip le t ( ) ground state. Thus, several spin-allowedZg
transitions are possible fo r such complexes. However, many of the 
transition are obscured by the broad bands from more intense 
neighbouring transitions so that only a few can be be unambiguously
. 28-30assigned.
The solution electronic spectra o f both the pailadium (ll) and 
platinum (ll) complexes in OMSO (eg. Fig. 4.7 and 4.8) showed d-d bands 
at approximately 890 and 450 nm. The complexes also showed absorptions 
in the same region as the free ligands as well as a strong ligand bands 
at 260 nm. The la tter was blue shifted with respect to  the free ligand 
(320-310 nm), and is consistent with strong metal ligand interaction. 
Similar sh ifts  have been observed in the electronic spectra of related 
copper(ll) and n icke l(ll) complexes.^^ The unambiguous assignment of the 
bands in the solution electronic spectra of the metal complexes was not 
possible though the bands at approximately 450 and 890 nm are believed 
to  be due to d-d transitions. Molar absorptivities fo r the bands in the 
spectra of Pd(5-Buqo)_ and Pt(5-Et-4-Meqo)_ are given in Table 4.4.
Palladiumd I), and especially p latinum (ll) complexes usually show 
extensive mixing of metal and ligand orbita ls through a transfe r of 
electron density from occupied metal d orbita ls to suitable, vacant
30ligand orbitals. This is usually enhanced by the n acceptor character 
in the ligands and gives rise to backbonding. L ittle  d irect experimental
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evidence of e ffic ient mixing of metal and ligand orbita l was found fo r  
the M(qo)- oomplexes (M = P d(ll) and P t(ll).
Figure 4.7 UV/Vis spectrum of (5-Et-4-Meqo) Pt
Figure 4.8 UV/Vis spectrum of (5-Buqo) Pd
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Table 4.4 UV/Vis data for palladium and platinum complexes
Complex
-3(concentratlon/mol dm )
X
max
/nm
c
/mol J
P t (5 -E t -4 -M e q o > 2 883 (11325 cm"^) 1
(3.28 X 10"®) 423 (23640 cm"^) 192
260 (38462 cm"^) 161
Pd(5-Buqo)2 894 (11186 cm"^) 4
(8.00 X 10"®) 455 (21978 cm‘ ^) 588
258 (38760 cm‘ ^) 345
- 2
In recent years, both transition metal and multinuclear NMR have 
been widely used to ascertain the s tructu re  and follow the reactions of 
transition metals complexes.^^ ^^^Pd and Pt are both relatively 
abundant (27.3 and 33.8% respectively), have I = 1/2 and as such, are 
amenable to NMR detection. In fact the lite ra ture  on ^^®Pt NMR is vast 
and includes several detailed revlews.^^’ ^^ The chemical s h ift range fo r 
^^^Pt is large, 15CXX) ppm, and it is well established tha t the chemical 
sh ift fo r the ^®®Pt and by extension the ^°®Pd nuclei are determined by 
the element coordinated to  the metal as well as the ir chemical form. 
Moreover, 6 ^®®Pt is additive and can be predicted fo r a given set of 
donors. This sensitiv ity of 6 ’ ®®Pt and « ’ °®Pd to  coordination
environment makes NMR a useful technique fo r indicating the geometry and 
symmetry of palladlum(l I) and platinum (il) complexes though th is
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empiricism sometimes fa il because o f the d iffe ring  effects of ligand 
substituents.^^ A table of reported 5 ^®®Pt fo r complexes with a PtN^O^ 
nucleus Is given below (Table 4.5).
195
Table 4.5 Some reported chemical shifts for P t
Compound -6/ppm Reference
(NH3)2Pt(Amal) 2160 36
(en)Pt(Amal) 2426 36
(N03>3Pt(H30)3 1365 37
[(N03)2Pt(0H)2] ‘“' 1340 37
[(N03)3Pt(CH3C02) ]^ ' 1394 37
t(NH3)3Pt(H30)3]"* 3147 38
The ^°®Pd, and ^^®Pt NMR spectra of the complexes prepared 
during th is  study were recorded in DMSO. The very broad nature of the 
^°®Pd signal meant that no significant s tructura l information could be 
derived from the spectra o f the palladium complexes.
In the case of the platinum (ll) complexes, the Pt NMR spectra 
(eg. Fig. 4.9) contained a relatively broad, poorly resolved multiplet 
due to  6 '^®Pt between -1650 and -1750 ppm. The broadening of th is  
signal and the consequent loss of coupling Information has been 
attributed to the quadrupolar effect of the neighbouring (I = 1)
a t o m s . T h e  downfield sh ift of the platinum nucleus compared to that 
reported fo r the starting material [PtCI^]^” (-1764 ppm) confirms the
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change in the coordination environment of the metal. The presence of 
only one signal due to 6Pt in these spectra demonstrates the symmetry 
and isomeric p u rity  of the complexes.
The NMR spectra of the complexes displayed resonances fo r all 
relevant ligand hydrogens. Importantly, these spectra provided no 
evidence of the coupling of '^^P t to  of the amino or amido groups, 
confirming that the metal in these complexes is bound via the oximic and
195
quinoid groups. Platinum satellites fo r  the interaction o f Pt with 
the hydrogens o f the quinoid ring were observed in the spectra. However, 
there was no evidence o f coupling o f these nuclei since the latter
195 1
requires a fou r bond pathway, not generally significant fo r P t- H
interactions. 33
Figure 4.9 NMR spectrum of pt(5-Et-4-MeqoL
psa PBaPsapAa pza
PPM
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The LSIMS mass spectra of both the palladiumClI) and platm um (ll) 
complexes (eg. Fig 4.10 and 4.11) contained prominent molecular ion 
peaks. In contrast to  that o f th e ir copper(ll) and n icke l(ll) analogues 
discussed in Chapter 3, the spectra contained no bimetallic species. 
This confirmed the complexes as being monomeric in solution, a result 
not unexpected since association would require the palladium(ll) and 
platinum (ll) Ions to be five  o r six-coordinate, both unfavourable 
geometries with ligands of th is  type. The mass spectra of these 
complexes also show extensive fragmentation o f the ligand. Thus, 
fragments ions a ttribu ted  to  the loss o f such fragments as 0, NO*, and 
CO were re latively prominent fo r both the palladium and platinum 
complexes. This is exemplified by the assignment of the mass spectrum of 
Pt(5-Et-4-Meqo)2 (Table 4.6).
Figure 4.10 LSIMS mass spectrum of Pt(S~Buqo).
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Figure 4.11 LSIMS mass spectrum of Pd(5~Acqo)^^
Table 4.7 Ion abundances and assignment in the mass spectrum of 
Pt(5-Et-4-MeqoL
Ion A bun dan ce
%
m /z
[M L^ + H ]* 40 554
[M L j -  0 ] * - 7 539
[M Lg “  CO ]*- 4 526
[M L -  L ]* 4 374
[LH  + H ]* 100 181
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4.4. Interaction o f Pd(qo)2 and Pt(qo>2 with Pyridine.
Usually P d(ll) and P t(ll)  complexes are four-coordinate and have 
square planar geometry. Five and six-ooordinate complexes of both Ions 
are however well known particu larly with bulky or n-donor ligands.^
During th is  study, the Interaction of Pd(qo)2 and Pt(qo>2 with 
pyrid ine under mild conditions and under reflux were investigated. In 
all cases, the complexes were recovered unchanged. This wets In marked 
contreist to  other transition metal 1,2-quinone monooximates which, as 
indicated earlier either afforded adducts, ligand substituted products 
or products arising from Internal redox reactions (IRR).
The fa ilu re  of the palladium and platinum complexes to react with 
pyrid ine vtas not surpris ing  since four coordination is the prevalent 
geometry o f the ir complexes. Additionally, the inactiv ity  of these 
complexes shows the relatively Inert nature of palladium and platinum 
towards facile oxidation or reduction.
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CHAPTER 5
Reaction of 1,2-Qulnone Monooximes, 1,2-Dioximes, and Their Metal 
Complexes With Dimethyl Acetylenedicarboxylate.
5.1. Introduction
As a result of th e ir multifunctional character, one potential 
application of 1 ,2-qulnone monooximes (1 ) and of the ir metal complexes 
(2 ) is the ir use as substrates in the synthesis o f novel and otherwise 
d iff ic u lt to prepare organic compounds. For example, the lab ility  of the 
oximic oxygen in (2 ) weis exploited in the preparation of 
phosphoranylideneamlnophenols (3), th e ir metal complexes (4), and 
phenoxazin-3-ones (5) by reaction of the metal complexes with
triphenylphosphine. 1 , 2
( 1 )
WOH
( 2 )
N,
■ k
M
(3)
PPh.
‘6h
(4) (5)
PPh,
,N
M
.N.
‘N
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The susceptibility o f the cyclic dienyl moiety to nucleophilic 
attack has been demonstrated by the isolation of interesting amino 
substituted products from the reaction o f amines, fo r example aniline 
and ethylene diamine with metal 1,2~quinone monooxlmates.^"® However, 
much of the recent interest In the synthetic applications o f 1 ,2-quinone 
monooximes and the ir metal complexes have focussed on the reactiv ity of 
the cis 1 ,2“ heterodienyl moiety in both sets of compounds and in 
particular, on Its interaction w ith the dienophile dimethyl 
acetylenedicarboxylate (DMAD).
A common reaction of cIs 1 ,3-dlenes and by extension cis
1 ,2~heterodlenes, is facile cycloaddition. The latter, which results
In ring formation. Is well documented and is categorised on the basis of
how many n electrons are involved in the reaction and the size of the
resultant ring.® '^° The most common type  of cycloaddition Is that which
leads to six-membered ring formation or the DIels-Alder An + 2n
cycioaddition.^^"^^ This type o f reaction has been widely studied and
numerous reviews on various aspects of these reactions have been
p u b l is h e d .^ ® 'I t  is therefore well known tha t both Lewis acids and
Lewis bases catalyse Diels-Alder reactlons,^^' and that the electronic
character of any substituent in either the diene (or heterodiene) or the
21 22
dienophile, influences the likelihood and rate of these reactions.
The Diels-Alder reaction was used to rationalize the formation of 
1 ,4-benzoxazines (6) by the reaction of copper(ll) 1 ,2-quinone
23
monooximates with DMAD when the reaction was f ir s t  reported in 1976.
At that stage, the 1 ,4-oxeizines were the only compounds which were 
identified as the products of these reactions.
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(6)
H
X 02Me
C02Me
More recently however, several other types of oompounds have been
isolated from the reaction of metal 1,2-quinone monooximates with DMAD.
1,3-Ox2izoles (7) were recovered when copper(ll) 1,2-quinone monooximates
were refluxed with DMAD in anhydrous m e th a n o l.A lth o u g h  thought
in ita lly  to arise from direct reaction of DMAD with the metal complex,
it  was later shown that 1,3-ox2izoles were the oxidation products of the
corresponding 1,4-oxazlnes, the oxidation being promoted by unreacted
metal complex In the reaction system.^® That th is  reaction should occur
is not surprising since metal 1 ,2-qulnone monooximates are known to be
2 6 -2 8good oxidation catalysts.
(7)
/
•C02Me
1 ,4-Benzoxazinones (8) have also been Isolated from the reaction 
of DMAD with some metal 1,2-quinone monooximates. These compounds, which 
like the 1,4-oxazlnes are chemotherapeutically important, were recovered
29
when DMAD weis used in considerable excess. Unlike the
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1 ,4-benzooxazines however, the formation of the 1 ,4-benzoxazinones 
cannot be rationalized in terms of Diels—Alder cycloaddition, and to 
date no definite mechanism has been proposed.
(8)
;,CHC02Me
The previous reports of the Interaction of DMAD with 1,2-quinone 
monooximes and th e ir metal complexes suggested tha t the nature of the 
products formed depended on such factors as (i) the nature of the 
quinone monooximic substrate, (il) the solvent system used and (ill) the
23
nature of the metal ion involved. In fact, one of these reports 
ascerted that only coordinated 1 ,2—quinone monooximes, tha t is, the 
metal complexes, were capable of giving isolabie addition products with 
DMAD. It was claimed that the free o r uncoordinated compounds either 
failed to react o r afforded mixtures which could not be adequately 
separated.
In contrast to 1,2-quinone monooximes and metal 1,2-qulnone 
monooximates, ve ry little  attention has been given to the reaction of 
the related 1,2-dioximato compounds, (9) and (10), with DMAD. To date, 
only one such study has been reported and it describes the formation of 
an adduct (1 1 ) by the reaction of 1 ,2-diaminoethanedione dioxime, its
30
n icke l(ll) and copper(ll) complexes with DMAD.
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(9) ( 10)
Rv^^N O H
H
0
0
M
(11)
2 = X , J ! ! X / < / C 0 2 M eMe0 C \^ ^ H2 I
Me02C
0
H
N^H2 ^C 02Me
From the above general review, no clear pattern o f reactiv ity  of
1 .2-  quinone monooximes o r of the ir metal complexes h£is emerged. 
Additionally, the lack o f current lite ra ture  on the reaction of the 
related dIoxImes has meant that no useful comparison of mechanisms or 
products could be made. Moreover, the formulation of (11) and the 
proposed mechanism by which It was believed to have been formed were 
both flawed and as such warranted fu rth e r Investigation.
In th is  study therefore, a reinvestigation of the reactions of
1 .2-  quinone monooximes and the ir metal complexes as well as of related
1.2- dioxlmato compounds, with DMAD was carried out. The alms of th is  
reinvestigation were to established and account fo r (i) the supposed 
Inactiv ity of free 1,2-quinone monooximes towards DMAD, (li) the role of 
metal Ions In these reactions, and (lii) any similarities or differences 
between the behaviour of 1 ,2-quinone monooximic and 1 ,2-dioxlmlc 
compounds towards DMAD. In addition, fu ll characterisation o f all
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products and a mechanistic appraisal of all reactions was to be 
undertaken.
5.2. The Reaction of Free 1,2-Qulnone Monooximes with DMAD.
When the reaction of 1,2-qulnone monooximes with DMAD was f irs t  
r e p o r t e d , i t  was suggested tha t the free o r uncoordinated compounds 
did not react and that a metal Ion (incooporated in a complexed form, 
ie. as a metal complex)' was essential. The role of the metal Ion was 
considered to be that of (i) polarization of electron density in the
1 .2-  qulnone monooximic moiety towards the heterotermlnl, making addition 
across the two heteroatoms possible, and (ii) correctly orientating the
1 .2-  qulnone monooximic moiety and the dienophlle (by coordination of the 
latter) fo r facile addition. The metal ion thus acted as a template fo r 
reaction. It was argued tha t the la tte r required the metal to  be 
coordinately unsaturated. However, th is  proposal has been disproved. In 
th is  and other studies, by the successful use of coordinately saturated 
copper(ll) and n lcke l(ll) 1 ,2-qulnone monooximates In cycloadduct 
synthesis. There Is however no doubting the electronic perturbation In 
the 1 ,2-qulnone monooxIme caused by the presence of the metal ion, and
thus the va lid ity  of suggestion (I) above.
In fact the electron d istribu tion  In both free 1 ,2-quinone 
monooximes and the ir metal complexes was the subject of a recent 
s tudy.^ '" The la tte r which compared the X-ray crysta l data fo r a series 
of these compounds concluded that In the complexes, there was marked
electron polarization from the ligand to the metal.
In contrast to the earlier reports however. It was found during 
th is study that free 1 ,2-qulnone monooximes reacted with DMAD either 
when s tirred  at 40 -  60 °C or under gentle reflux In aqueous EGDE. In
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most ceises these reactions gave, coloured, multicomponent mixtures which 
could not be satisfactorily separated. However, in the case of
1 ,2-naphthoquinone-1-oxime, chromatographic separation of the reaction 
mixture afforded the yellow tra/?s-(0- 1 ,2-dicarbomethoxyethenyl)-1 ,2-  
naphthoquinone-1-oxime (12 ) and the orange c/s-(0- 1 ,2-dicarbomethoxy- 
ethenyl)-1,2-naphthoquinone-1-oxime (13) both in good yields.
Similarly, the reaction of 5-hydroxy-1,2-benzoqulnone-2-oxlme 
with DMAD afforded the yellow-orange iransK  0-1 ,2-dicar bomethoxy- 
ethenyl)-5-hydroxy-1,2-benzoquinone-2-oxime (14) in moderate yield.
All three compounds were soluble in common organic solvents, 
stable at room temperature, and were characterised by fu ll elemental and 
spectroscopic analysis.
( 12) (13)
C02Me
(14)
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5.3. The Reaction o f 1 ,2-Naphthoqulnone-1-oxime with DMAD in the 
Presence of Metai ions.
Historically, studies of the reaction o f 1,2-quinone monooximes 
with DMAD have focussed on the reaction o f the ir metal complexes. As 
stated earlier, th is  preoccupation with the la tter has been due to the 
find ing that transition metal ions promoted addition presumably by 
polarizing the electron density towards the hetero-termini of the
1,2-qulnone monooximic moiety. I t  was however found in the case of the 
naphthoquinone monooxlmates,^^ tha t when the metal ion involved was main 
group, no cycloadduct was isolated, but rather, products arising from 
nucleophilic, Micheal-type addition reactions were recovered.
As part o f th is  study, an attempt was made to establish the role 
of metal ions In these reactions, both by the reaction of the metal 
complexes and by the addition of catalytic amounts of a given metal salt 
to the system 1,2-qulnone monooxIme/DMAD/aqueous EGDE.
Thus, it  was found tha t when l , 2-naphthoquinone-1-oxime was 
s tirred  at 40 °C with DMAD and aqueous EGDE in the presence of catalytic 
amounts of lithium, sodium, potassium, magnesium or aluminium chloride, 
yellow-orange mixtures were recovered. Separation of the la tter gave the 
nucleophilic addition products (12) and (13). When the reactions were 
carried out under reflux complex mixtures of products Including the open 
chain adducts resulted. The cycloadduct 1 ,4-naphthooxazlne was not 
formed In either case.
In contrast, when l , 2-naphthoquinone-1-oxime was s tirred  at 40 °C 
with DMAD in aqueous EGDE in the presence of catalytic amounts of 
copper(ll) or n lcke l(ll) chloride, the corresponding metal complexes 
were recovered in high yield. Neither open chain adducts nor 
cycloadducts were formed. When the reactions were carried out under
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reflux however, the 1 ,4-naphthooxazine was formed in high yield in 
addition to the hydrated metal butynedioate (15).
(15)
nH20
5.4. Reaction of N ickel(ll) and Copper(ll) 1,2-Quinone Monooximates with
DMAD.
In the earlier sections, the reaction of the uncoordinated
1,2-qulnone monooximes with DMAD wets discussed. The results of some of 
the experiments contradicted previous reports. In view of th is, and with 
the new range o f complexes prepared during th is  study, a reinvestigation 
of the reaction of metal 1 ,2~quinone monooximates with DMAD was
undertaken.
When Ni(qo) and Cu(qo)_ (qoH = 1-nqoH and 5-BuqoH) were refluxed 
with DMAD In aqueous EGDE, the corresponding 1 ,4-oxazines were recovered 
In high yield as the only Isolable organic products. This was consistent
23 25
with previous results. *
By comparison, reaction of NI(4“ Brqo)2> NI(4-C lqo)2i Cu(4-B rqo )2 
and Cu(4-Clqo)_ with DMAD in aqueous EGDE afforded mixtures of two sets 
of organic products. Separation of the reaction mixtures gave yellow- 
orange 1 ,4-benzoxazines (16 or 17), the compounds traditionally  
associated with the reaction of metal 1 ,2—quinone monooximates with
DMAD.
23,24
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The second set o f products were Identified as 1 ,4-benzoxazinones 
(18 or 19). Although related compounds have been previously 
r e p o r t e d , t h e i r  association with the reaction of metal 1 ,2-quinone 
monooximates with DMAD was only made while th is  study was being
29conducted.
(16) (17)
H H
(18)
5.5 Reaction of 1,2-Dloxlmes and Metal 1 ,2-Dioximates with DMAD.
Like 1,2-quinone monooximes and metal 1,2-quinone monooximates,
1,2-dloximes and the ir metal complexes also possess a 1,3-heterodiene 
system and as such, are expected to undergo related addition reactions. 
However unlike the 1,2-quinone monooximes in which the heterodiene 
system is frozen in the cis conformation, 1 ,2-dloxlmes tend to prefer 
the more thermodynamically stable trans conformation. This makes cyclo­
adduct formation involving the reaction o f 1 ,2-dioxlmes d iffic u lt since
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thesG reactions require the diene (heterodiene) to be cis oriented. Such 
an orientation is afforded by th e ir metal complexes and hence cycio”
adduct formation becomes possible.
An earlier study o f the reaction of 1,2-dloxlmes and metal
30
1 .2-  diox I mates with DMAD was carried out In these laboratories. Thus 
i t  was found that 1 ,2-diamlnoethanedlone dioxime and Its complexes 
reacted with DMAD to afford the same white solid which was formulated as
( 11) .
During th is  study the reaction of dimethylglyoxime, benzil 
an t/irnonoox I me, 1 ,2—cyclohexaned lone dIoxIme, and 1 ,2—diamlnoethaned lone 
dIoxime, th e ir copper(ll) and n lcke l(ll) complexes, where available, 
were refluxed with DMAD In aqueous EGDE. Reaction occurred in all cases 
though the systems Involving dimethylglyoxime, benzil ant^monooxime and
1 .2-  cyclohexanedione dioxime, only afforded solids of indefinite 
composition.
In the case of 1 ,2-diaminoethanedione dioxIme, its copper(ll) and 
n icke l(ll) complexes however, two white solids A and B which were 
Identified as isomers of bls(0- 1 ,2-dlcarbomethoxyethenyl)-1 ,2-diamino- 
ethanedione dioxIme (20), were formed in reasonable yields. The metal 
complexes also afforded hydrated metal butynedioates.
Bis(0-1,2-dlcarbomethoxyethenyl)-1 ,2-diaminoethanedionedloxime 
can exist in three Isomeric forms (Figs. 5.1 -  5.3). The spectroscopic 
analysis of the two solids A and B (see later) showed marked 
sim ilarities œ nfirm ing them as a pair of isomers. The structure  of the 
solid A was determined by X-ray crystallography and is discussed in 
section 5.8.
160
( 20)
H^COjC
H^COjC
HjCOjC
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5.6 Mechanistic Appraisal of the Reaction of DMAD with 1,2-Quinone 
Monooximes, Metal 1,2-Quinone Monooximates and the ir 1,2-Dioximic 
Analogues.
The formation of open chain adducts (12, 13 and 14) from the 
reaction of 1,2-qulnone monooximes with DMAD and adducts (20A and 20B) 
from the reaction of 1,2-dloximes with DMAD, can be rationalized In 
terms of the nucleophilicity of 1 ,2-qulnone monooximes and 1 ,2-dloxlmes. 
This property which is related to the presence of lone pairs of 
electrons on both the quinoid and oximic groups, enables such compounds 
to participate in facile addition and/or substitution reactions.
In the case of 1,2-diaminoethanedione dioxime, the 
nucleophilicity o f the oxImIc group is fu rth e r enhanced by the presence 
of the electron donating amino group. The la tte r confers a high degree 
of electron density into the oximic group such tha t the molecule could 
be represented as shown in Scheme 5.1. Proposed mechanisms fo r the 
reactions of 1 ,2-qulnone monooximes and 1 ,2-dlamlnoethanedlone dioxime 
with DMAD are given below (Scheme 5.2 and 5.3).
In both cases, the reactions are believed to  Involve nucleophilic 
attack of the oximic oxygen on one of the acetylenic carbons of DMAD to 
give a carbanlon which is subsequently protonated by protons from either 
water o r the oxime. The result is therefore an overall nucleophilic
1 ,2-addition to a tr ip le  bond via a pathway not dissimilar from the
Micheal-type addition described in the literature.
36-40
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Scheme 5.1
HO N. .NH«
H2 N""'^^NOH
^'^ON NH3
!H 3 ir^ '"^N O  i-)'
Scheme 5.2
EG0C/H20
N > ^  .CO,
^ ^ = ^ 0  y ~ ~
21
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Scheme 5.3
OH
'OH*
Although the formation of enols (21) and (22) are implied in the 
above mechanisms, only products of the more thermodynamically stable 
a-unsaturated carbonyl tautomers^® were Isolated.
Usually nucleophilic addition to  a tr ip le  bond in the presence of 
protic solvents is stereoselective and gives product mixtures in which 
one of the pair o f diastereoisomers predominates.^^ For example, the 
reaction of p-toluenethlolate with methyl proplolate gave a mixture 
which contained 92% methyl-(Z)“ ^-p-tolylmercaptoacrylate and only 8% of 
the corresponding E isomer (Reaction 5.1).
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‘SH
Reaction 5.1
HC^=CCO.
X 02M«
H' C02M«
Z (ci») E (trans)
Yield: 92 % 8%
In contrast to the above example, the reaction of DMAD with
1 ,2-naphthoquinone-1-oxime was found to be largely non-stereoselective. 
This was bourne out by the occurrence of adducts (12) and (13) in almost 
equimolar amounts. This observation is not without precedent since 
several reports on the non-stereoselective addition to activated 
acetylenes have been p u b l i s h e d . T h e s e  reports allude to the fact 
tha t selectivity can be affected by the nature of the electron 
withdrawing group in the acetylene.
Previously, such reactions have been rationalized in term of (i) 
the post isomerization of the trans addition products (having the cis 
configuration) to  the more stable E-trans isomer, or (ii) from the 
intermediacy of resonance stabilized or equilibrating carbanions in 
aprotic solvents.
It is not certain which precise mechanism is operating in the 
system DMAD/1,2-quinone monooximes, but differences in the s tab ility  of
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any intermediate carbanion can be ruled out sincei In th is  study^ the
acetylenic substrate vtas symmetrical.
As regards the metal complexes or reaction In the presence of a 
metal Ion, the results of th is  study show that main group and transition 
metal ions have fundamentally d iffe ren t effects on the reaction
1 .2-  naphthoqulnone-1-oxime and possibly by extension, other 1 ,2-quinone 
monooximes with DMAD.
Although in both main group and transition metal complexes o f
1.2- qulnone monooximes, coordination o f the metal ion Involves the 
oximic nitrogen and carbonyl o x y g e n , t h e  degree o f electron 
polarisation towards the metal Ions Is d ifferent.
In the case o f the main group metals, the degree of electron 
withdrawal from the oximic nitrogen and hence the oximic oxygen is less 
than fo r the transition metals. This can be a ttribu ted to the 
unavailability o f sulltably energetic (horbitals In the former to  
accomodate the extra ligand electrons.®® The oximic oxygen In the main 
group metal complexes therefore retains a large amount of its  electron 
density and hence can compete as a nucleophilic site. Thus the reaction 
of main group metal 1,2-quinone monooximates with DMAD, can be 
rationalized in terms of the nucleophilic attack of the electron-rich 
oximic oxygen at one of the acetylenic carbons giving a carbanion. The 
latter is then protonated to  give the 1,2-addltion product. The reaction 
being analogous to tha t observed with the free 1 ,2-qulnone monooximes 
(Scheme 5.2).
By comparison, the transition metal Ion fundamentally changes the 
reaction pathway by becoming strongly bound to the the 1 ,2-quinone 
monooximic moiety. The process of chelation is known to result In marked 
perturbation of the electron d istribution in the ligand.®^ In these 
complexes therefore, electron density sh ifts  from the oximic nitrogen
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towards the metal ion and is compensated fo r by a concurrent movement of 
electrons from the oximic oxygen towards nitrogen. The partial double 
bond character o f the N-0 bond in the transition metal complexes (bond 
length 1.231 -  1.272 compared with that o f and the main group metal 
complexes (bond length 1.308 -  1.351 A) ’ Is evidence of that sh ift. 
The la tter results in lower electron density at oxygen and hence a 
reduced capacity of th is  site in the transition metal 1 ,2“ qulnone 
monooximates to  participate In a nucleophilic reaction. Additionally In 
these complexes, the electron density at the oxImIc nitrogen is also 
reduced. The potential therefore, fo r reaction Involving Initial 
nucleophilic attack is diminished.
Transition metal ions are Lewis acids and they are known to 
catalyse DIels-Alder type cycloaddition reactions. Their presence in 
the reaction system 1,2-qulnone monooxime/DMAD would thus favour 
cycloadduct formation. The mechanism fo r the reaction o f transition 
metal 1,2-quinone monooximates with DMAD can therefore be visualized as 
involving a concertive, single step addition of the 1 ,2-quinone 
monooximic anion to the dienophlle giving the anion of the 
1 ,4-benzoxazlne. The la tte r is subsequently protonated by protons from 
water which acts as a reagent In these reactions (Scheme 5.4).
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Scheme 5.4
r 04-)
L
OH<oc
tuT
OH ■♦ N(C^O^).nH^ ♦ CH,OH
Unlike the 1,4-oxeizines which it is beiieved arise from a 
Diels-Alder type reaction, the orig in  o f the 1,4-benzoxazinones (18 and 
19) from the reaction of transition metal 1 ,2-quinone monooximates is 
unclear and cannot be rationalized in such terms. Instead, it  is being 
proposed that these compounds arise from an initial nucleophilic 
substitution of the 1 ,2-quinone monooximic anion (or a species derived 
from it) fo r one of the two methoxy groups in DMAD followed by an 
intremnolecular cyclisation (Scheme 5.5).
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Scheme 5.5
.CHC02M«
-[01
The fact tha t the formation of the 1 ,4-benzoxazinones requires a 
reduction or deoxygenation of the 1 ,2~quinone rtionooximic moiety suggest 
tha t the nucleophile may not be the 1 ,2~quinone monooximic anion but 
rather some reduced or deoxygenated species derived from it. Such 
species could arise from abstraction of the oximic oxygen either by the 
transition metal ion or by DM AD.
Low valent, and early transition metal compounds have been widely 
used as oxygen abstractors in organic reactions. In fact,
titan ium (ll), tita n lu m (lll)  and iro n (ll)  compounds are reputed to effect 
the deoxygenation of nitroso compounds even under mild conditions. These 
reactions however lead to the formation of the corresponding metal oxide 
or a compound of that metal in an oxidation state one lower than the
169
starting compound. Since no such products were recovered from the 
reactions of M(qo)_ with DMAD (M = C u(ll) and N i(ll)), it  is safe to 
conclude tha t oxygen abstraction by the metal ion is not involved In the 
reaction mechanism.
In fact, a common metal containing product identified as the 
bls(butynedloate)metaKll) complexes (15) was recovered from all the 
reactions Involving transition metal ions. The isolation of these 
complexes therefore precludes the occurrence of metal mediated oxidation 
o r reduction reactions in the systems studied. In addition, the 
formation of butynedloate species, the hydrolysis product of DMAD, 
confirms the involvement of water and of hydro ly tic  processes In these 
reactions.
It was observed that the 1,4-benzoxazinones occured in higher 
yield when DMAD is used in considerable excess. This observation pointed 
to a mechanism fo r the formation of these compounds Involving the 
abstraction o f the relatively labile oximic oxygen by DMAD.
To check the hypothesis tha t excess o f the multiple bonded system 
was responsible fo r the oxygen abstraction, and bearing in mind the 
reported use of M(qo)^ as oxidation catalysts fo r alkenes and amines, 
the reaction of NKA-Brqo)^ and NKA-CIqo)^ with DMAD was repeated in 
the presence of octene. Separation of the products by column 
chromatography yielded the yellow 1,4-benzoxazinone in 90X recovery. The 
corresponding 1 ,4-benzoxazlne was present only In trace amounts. These 
results supported the proposal o f oxygen abstraction by the multiple 
bonded system but were not conclusive since they were not repeated when 
either N i(l-nqo ), or Ni(5-Buqo),.6H 0 were treated in the same way.
Thus, the involvement of other factors such as the nature of the 
ring substituent and Its role in the stabilization of any intermediate 
important fo r the formation of the 1,4-oxazinones cannot be ruled out.
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Although no attempt to  establish the existence o f such relationships was 
made during th is  study, the principle merits some attention.
5.7. Characterisation o f the Products of the Reaction o f DMAD with
1.2- Quinone Monooximes, Metal 1,2-Quinone Monooximates and th e ir
1.2- Dioximic Analogues.
On the basis of elemental and mass spectral analysis, both 
compounds derived from the reaction of DMAD with
1 .2-  naphthoquinone-1-oxime were formulated as The analogous
yellow-orange solid recovered from the reaction of 5-h yd ro xy -1 ,2-  
benzoquinone-2-oxime were formulated as mass spectra
of all three compounds (eg. Fig. 5.4) contained prominent molecular ion 
peaks at as well as peaks associated with the loss of such fragments as 
CH,0‘ and CH_CO_*.3 3 Z
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Figure 5.4 El mass spectrum of trans-(O-dicarbomethoxyethenyl)’ 
1,2 -naphthoquinone-1-oxime.
The IR spectra (eg Fig. 5.5) showed the common features of three 
absorption bands in the region between 1742 cm  ^ and 1647 cm 
assignable to the two ester and one quinoid carbonyl groups, moderately 
Intense alkyl C-H stretching bands at 2956 cm‘  ^ as well as well as a 
band at 3100 cm"^ assignable to  a v iny lic  C-H stretch.
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Figure 5.5 Infrared spectrum of trans-(0-dicarbomethoxyethenylh1,2- 
naphthoquinone-1-oxime.
The NMR spectra of all three compounds (eg Fig. 5.6) contained 
two singlets Integrating fo r three protons each between 3.60 ppm and 
4.00 ppm. These signals were assigned to the two methoxy groups. 
Importantly, the spectra all contained a singlet Integrating fo r one 
proton, between 5.90 ppm and 6.50 ppm. This signal, characteristic of 
v iny lic  protons was diagnostically Important and is consistent with the 
the formulation of the compounds as the nucleophilic addition products 
of DMAD and the 1,2-quinone monoooxime, c/s- and trans- 
(0- 1 ,2-dlcarbomethoxyethenyl)-1 ,2-quinone monooxime.
Although less informative, the NMR spectra confirm the
presence of the two methoxy carbons as well as the v iny lic  C-H group by 
v irtue  of the appearance of signals a ttribu tab le  to these groups in the 
Dept 135 NMR spectra. The Dept 135 NMR experiment distinguishes
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between carbon nuclei on the basis o f the degree of substitution, 
showing CH3 and CH as positive signals, CH  ^ as negative signals while 
quarternary carbons are not observed.
Figure 5.6 NMR spectrum of trans-(O-dicarbomethoxyethenyl)- 
1,2-naphthoquinone-1 -oxime.
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The IR spectra o f the 1,4-oxazines prepared during th is  study were 
characterised by the presence o f strong absorption bands due to t>OH, and 
the ester uCO, This is exemplified by the IR spectrum o f 7-butyrylam ino-
4-hydroxy-2,3-dimethoxycarbonyl-1,4-benzoxeizlne (Fig. 5.7).
Figure 5.7. IR spectrum of 7-butyrylamino-4-hydroxy-2,3-dimethoxy- 
carbonyl-1,4-benzoxazine.
The NMR spectra are exemplified by Figure 5.8, (Table 5.1) 
which shows singlets between 1.00 ppm and 3.90 ppm due to the six 
methoxy protons, while the aromatic ring protons appear as multiplets 
between 7.20 ppm and 7.80 ppm.
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Table 5.1 NMR spectral assignment for 7-butyrylamino-4-hydroxy-2,3- 
dicarbomethoxy-1,4-benzooxazine.
Assignment Multiplicity
J/Hz
Sppm
i;6ic.:
10 s 3.87
9 s 3.84
8 s 2.89
7 ^ '^7 ,6 0.95
6 sxt 1.65
5 t  \  ^ (7.25) 2.35
4 s 9.45
3 d (2.23) 7.69
2 d,d 7.29
1 d , (8.60)> 1 7.50
8 singlet; d doublet; t triplet; sxt sextet; d,d doublet of doublets
The mass spectra all displayed prominent molecular ions, as well 
as ions due to the fragmentation of the carbomethoxy groups. For example 
the El mass spectrum of 7-butyryl2unlno-4-hydroxy-2,3-dicarbomethoxy- 
1,4-benzooxazlne (Fig. 5.9) contained a molecular ion peak at m/z = 350 
and peaks assignable to the loss of CH^O", CHgCO^'i and CH^COgH and 
C_H_C0NH’ (Table 5.2).
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Figure 5.9. El mass spectrum of 7-b u ty  rylami no-2,3-d imethoxy car bony h 4 - 
benzoxazine.
Table 5.2 Ion abundances and assignment for the mass spectrum of 
7-Butyrylamino-4-hydroxy-2,3-dicarbomethoxy-1,4~benzoxazine.
Ion Abundance
X
m/z
CM]*- 3 350
[M-OH-]* 1 333
[M-CHgOH]** 12 318
OH-]* 1 305
[M-CHgCO^-]* 11 291
[M-CH CHCHCO']* 1 280
[M-CH3C02- + CH3OH]’ 54 259
[M-CH CH CHCO* + CH OH]*3 2 3 2 248
[M-CH CO,* + CH CO,H]* *• 3 2 3 2 4
231
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The single crystal X-ray s tructure  of 6-bromo-3,4-d I hydro-3,2- 
oxo-2-methoxy-ethylidene-2H-1,4-benzoxazin-2-one (Fig. 5.10) has been 
re p o rte d .C o n s e q u e n tly , the El mass spectra of th is  compound and o f 
its 6-chloro analogue contained prominent molecular ion peaks at 
m/z = 297 and 257 respectively. The spectra also contained peaks 
associated with the loss of CH^O*, CH_0H, HCO* and HCN. The base peak in 
both cases arose from the loss of the acetate radical CH^CO^’ . The IR 
spectra showed a band at 3437 cm  ^ assignable to ^NH, at 2957 cm due 
to i^ CH of the methoxy groups as well as Intense absorption bands between 
1758 cm"^ and 1650 cm"^ assignable to i^ CO of the acetate ester and the 
a-lactone carbonyl groups respectively.
The NMR spectra show resonances at 3.80 ppm due to  the methoxy 
protons, at 6.00 ppm due to  the lone v iny lic  proton, and a multiplet 
between 6.90 ppm and 7.50ppm integrating fo r three protons assignable to 
the aromatic ring protons.
Figure 5.10
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Single crystal X-ray analysis showed the solid labelled A, 
recovered from the reaction of 1,2-dlamlnoethanedlone dIoxIme with DMAD 
to be the nucleophilic addition product, trans-bls(0-1,2-dlcarbomethoxy- 
ethenyl)—1 ,2—diamlnoethanedlone dIoxIme (20). Consepuently, the IR 
spectrum of th is  solid (Fig. 5.11) and of solid B contained bands at 
3540 cm'^ and 3474 cm"^ due to the amino as well as bands due to the 
ester carbonyls at 1750 and 1743 cm
Figure 5.11 IR spectrum of trans-bis(0-1,2-dicarbomethoxyetheny!h1,2- 
diaminoethanedione dioxime
The El mass spectra (eg. Fig 5.12) displayed prominent molecular 
ion peaks at m/z = 402 as well as fragment Ions arising from the loss of 
such fragments as CH^O', and CH^CO^', characteristic of ail the DMAD 
adducts obtained during th is  study.
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Figure 5.12 El mass spectrum of trans-bis(0 - 1,2 -dicarbomethoxyethenyl)- 
1,2-diaminoethanedione dioxime
The NMR spectra (eg. Fig. 5.13, Table 5.3) contain singlets at 
3.60 ppm and 3.80 ppm due to the twelve methoxy protons. A th ird  singlet 
integrating fo r two protons and which did not exchange with D^O appears 
at 6.00 ppm. This signal is characteristic of v iny lic  protons. A signal 
at 104 ppm in the NMR spectra of both compounds is also Indicative
of alkene structure.
The similarities in the spectroscopic properties of solid B with 
that of solid A the structure  of which was determined X-ray 
crystallographically, suggest that A and B were possibly a pair of 
isomers.
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Table 5.3. NMR spectral assignment for bis(0 - 1,2 -dicarbomethoxy- 
ethenyl)- 1,2 -diaminoethanedione dioxime.
Assignment Multiplicity
J/Hz
dppm
8, 4 s 3.80
7, 3 s 3.68
44 6, 2 s 6.20
fiCLifM»
v y  T
6 h  I
5, 1 s 7.00
8
8, 4 s 3.80
7, 3 s 3.68
6, 2 s 6.20
5, 1 s 7.00
8 singlet;
5.8 Single Crystal X-ray S tructure of trans-bis(0- 1 ,2-dlcarbomethoxy- 
ethenyl)-1,2-diaminoethanedione Dioxime.
Crystal preparation and data collection
Trans-b\siO-^ ,2-dicarbomethoxyethenyl)-1 ,2-diaminoethanedione 
(20) was obtained from the reaction of 1 ,2—diaminoethanedione dioxime 
with DMAD. The compound recrystallised from tolueneimethanol 3:1 as 
colourless plate-like crystals. The crystal chosen fo r X-ray study had
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dimensions 0.27 x 0.08 x 0.32mm. The unit cell parameters and intensity 
data were collected on a Phillips PW100 computer controlled, fou r circle 
diffractometer w ithin the range 0 -  20 . All relevant experimental 
parameters are given in Table 5.4. Lorentz polarization, empirical 
absorptions®^ and decay corrections were applied. The s tructure  was 
solved by d irect methods using MULTAN 77 computer package.®^ All atoms 
were refined by fu ll matrix least-squares refinement on (F) with 
anisotropic temperature factors fo r non-hydrogen atoms and isotropic 
temperature factors fo r hydrogen atoms. Atomic scattering factors were 
taken from published tables o f X-ray data. Atomic coordinates, 
relevant temperature factors, bond angles, bond lengths, in ter and 
Intreuiriolecular contact distances are given in Appendix 5.
Table 5.4 Crystal data, data collection and processing parameters for 
trans-bis(0- 1,2 -dicarbomethoxyethenylh 1,2-di ami noethaned ione dioxime.
Formula
MW 402.17
System Monocllnic
Space group P 2 /C
a 12.506(3) k
b 9.697(2) A
c 15.985(3) k
V 1915.48 A®
z 4
D ,calc
1.397 g cm"
Radiation Mo -  (1
Graphite monochromated 
1.10 cm“^
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Figure 5.14 Perspective view 
diaminoethanedione dioxime.
of trans-bis(0 -dicarbomethoxyethenyi)-1,2 -
C(5)
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Figure 5.16 Selected bond angles in trans-bis(0-1,2-dicarbomethoxy- 
ethenyl)-1,2-diaminoethanedione dioxime.
The molecule is essentially planar with only a slight distortion
2 2
of the C-C bond of the oximic moiety away from the ideal Csp -  Csp 
geometry. Surpris ingly, the molecule was found to be assymetrical with 
one of the two 1,2-carbomethoxyethenyl groups having the ester groups 
cis to each other while the other has the two groups in the trans 
conformation. This is interesting since it  supix>rts the proposal made 
earlier on the non-stereoselectivity of the addition o f DMAD to oximic 
compounds.
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The C-C bond length In the oxlmlc moiety, C(1) -  C(1a) was found 
to be 1.470 A. This is within the range observed fo r related compounds. 
For example, the corresponding bond lengths in dithioxamide and 
dimethylglyoxime were 1.540 A and 1.442 A respectively.^^ The bond 
lengths C(1) -  N(2) and C(1a) -  N(2a) (1.322 (25) A) agrees well with 
that reported fo r Csp^ -  NH  ^ groups.®®'®^ Similarly, the C - C  bond 
lengths of the two ethenyl moieties C(2) -  C(3) (1.26(3) A) and 
C(2a) -  C(3a) (1.34(3) A) were in the range expected fo r such groups 
though the ethenyl group bearing the cis carbomethoxy substituents 
appeared longer than the analogous trans substituted group. Both bonds 
were however considerably shorter than the corresponding bond in maleic 
acid (1.440 A). The shorter v iny lic  C=C bond lengths in the s tructure  of 
trans-bls(0-1,2-dicarbomethoxyethenyl)-1,2-diaminoethanedione dIoxime
(Fig. 5.15) compared to  maleic acid can be accounted fo r in terms o f the 
effects of electron withdrawal by both the carbomethoxy groups and the 
oximic groups.
All the bond angles were well w ith in the ranges observed fo r 
compounds containing related groups. The relatively short 
H(lM«)...0(1a), H(12n)...N(2a) and N(1)...H(3c) (Table 5, Appendix 5)
points toward extensive intramolecular H-bonding in the molecule.
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Chapter 6 
EXPERIMENTAL.
6.1. General.
All reagents used in th is  study were of G.P.R grade. Solvents 
were used as purchased, except where used fo r  chromatographic purposes 
when they were redistilled and dried. For column chromatography, silica 
gel 60 (0.0063 -  0.200 mm, 70-230 mesh) obtained from BDH Merck was used 
as the stationary phase. Thin layer chromatography (TLC) was performed 
using commercially supplied silica coated plates.
6.2. Analytical.
Infra-red spectra
in frared spectra in the range 4000 -  400 cm "' were recorded on a Bio-Rad 
FTS40 IR spectrometer. The samples were prepared as pressed KBr discs.
NMR spectra
Fourier transform and NMR spectra were recorded on a Bruker AM250 
NMR spectrometer. Trimethylsilane was used as the Internal standard.
NMR spectra were recorded on a Bruker AM400 (85,6 MHz)
NMR spectrometer using K^PtCI^ as reference.
UV spectra
Solution electronic spectra were recorded on a Shimadzu UV-2100 
UV-visible spectrophotometer. The pure solvent which in most cases was 
either methanol or dimethyl sulphoxide was used as reference.
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Thermal gravimetric analysis
Thermal gravimetric analytical data at various heating rates were 
obtained by using a Stanton HT-SM Thermobalance.
Magnetic mcmtents
Room temperature magnetic susceptibilities were recorded using a Johnson 
Matthey magnetic susceptib ility balance calibrated with Hg[Co(SCN)^]. 
Diamagnetic corrections fo r the metal and the ligands obtained from 
published tables^ were applied in all cases.
Meiting points
Melting points were recorded on an Eiectrothermai digital melting point 
apparatus. No corrections have been applied to the reported values.
Mass spectra
Mass spectra were recorded on a Kratos Anaiytical mass spectrometer. The 
LSIMS spectra of the metal complexes were recorded using a caesium ion 
source and either glycerol o r 3-nitrobenzylalcohol as matrix.
Eiementai analysis
Carbon, hydrogen and nitrogen analysis were carried out on a Carlo Erba 
1160 microanalytical apparatus. Metal analysis was carried out using a 
Pye Unicam SP9 Atomic Absorption Spectrometer^ wet oxidation of the 
samples being achieved by the use of concentrated n itr ic  acid and 
hydrogen peroxide in a CEM Microwave Digester.
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6.3. Reactions.
6.3.1. Reaction of 3-ami nophenol with carboxylic acids and carboxylic 
acid anhydrides.
To 3-aminophenol (10.9 g, 100 mmol) suspended in water (30 cm ) the 
carboxylic acid or carboxylic acid anhydride (X g, Y mmol) was added. 
The mixture was gently refluxed (0.5 h) and the resulting solution 
allowed to cool slowly to room temperature affording a white crystalline 
solid. The latter was recovered by vacuum filtra tio n  and recrystallized 
from aqueous ethanol to  afford the pure, white 3-acy lami nophenols. 
Relevant data fo r th is  series of reactions are given in Table 6.1.
Table 6.1 Yields, m.p’s and analytical data of 3-acyl am I nophenols 
obtained from 3-amlnophenol (10.0 mmol) with carboxylic acids or acid 
anhydrides.
Acid or Anhydride 
(g, mmol) Yield 
(9. * )
3-Acy 1 ami nop henol 
m.p./°C Found %
Requires 
C H N
Propionic anhydride 14.6, 89 183-185 65.8, 6.3, 8.5
(10.9, 100) 65.5, 6.3, 8.5
Butyric anhydride 18.0, 85 139-140 67.1, 7.2, 7.9
(12.9, 110) 67.0, 7.3, 7.8
Valeric anhydride 17.8, 86 123-125 68.3, 8.0, 7.3
(11.6, 107) 68.4, 7.8, 7.3
Heptemoic anhydride 18.0, 89 151-153 70.7, 8.9, 6.4
(10.0, 92) 70.6, 8.6, 6.3
Benzoic anhydride 16.8, 79 174-176 73.7, 5.2, 6.5
(10.8, 100) 73.2, 5.2, 6.6
Octanolc anhydride 7.9, 80 128-130 71.4, 9.0, 6.0
(4.6, 42) 71.5, 8.9, 6.0
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6.3.2. Reaction o f 3-aminophenol with n-Bromohexane.
To a solution o f 3-am I nophenol (10.9 g, 100 mmol) In absolute ethanol 
(20 cm^), n-bromohexane (16.5 g, 100 mmol) was added. The mixture was 
gently refluxed (2 h) and the resulting solution poured into ice-cold 
water (200 cm^) and s tirred  (0.5 h). The mixture was made alkaline by 
the addition o f saturated sodium carbonate solution, and extracted with 
diethyl ether. The ethereal extract was acidified with 10X HCI. Addition 
of saturated sodium carbonate to the HCI extract gave 3-hexylaminophenol 
11.1 g, 58 X, m.p. 72-75 °C (Found: C, 74.4, H, 9.8, N, 6.9. Calc, fo r 
C H NO, C, 74.6, H, 9.8, 7.3%); ^ (KBr) 3283 (NH); 6^{250 MHz, 
CD CD) 0.90 (m, 3H, CH_), 1.30 (m, 6H, CH (x3)), 1.60 (m, 2H, CH^),
3 J  ^
3.00 (t, 2H, CH_), 6.10 (m, 3H Ar), 6.90 (m, 1H Ar); m/z 193 (M* 80%).
Similarly reaction o f 3-amlnophenol (10.9 g, 100 mmol) with n-bromo- 
heptane (17.9 g, 100 mmol) gave 3-heptylaminophenol 9.2 g, 44X, m.p. 
55-57 °C (Found: C, 75.1, H, 10.0, N, 6.4* requires C, 75.4,
H 10.1, N 6.8*); u (KBr) 3282 (NH); «„(250 MHZ, CD OD) 0.90 (m, 3H, 
CH ), 1.30 (m, 8H, CH, (x4)), 1.60 (m, 2H, CH ), 3.00 (t, 2H, CH^), 6.10 
(m, 3H, Ar), 6.90 (m, 1H Ar); m/z 207 (M* 90%).
6.3.3. Reaction of 3-acylamlnophenol with sodium n itrite /acetic  acid in 
aqueous methanol.
To a solution of the 3-acylemiinophenol (X g, Y mmol) In methanol:water 
(100 cm^, 3:1) acetic acid (15 cm^) was added. The solution was cooled 
to  -10° C and sodium n itr ite  (1.5 g, 22 mmol) in water (50 cm^) was
198
added dropwlse (0.5 h) with s tirr in g . A fter 24 h, concentration o f the 
resuitant solution to low volume gave a yellow-orange solid (three 
component by TLC). Qualitative test with aqueous ferrous ammonium 
sulphate gave a dark green precipitate. The solid vtas chromatographed 
with tolueneidichloromethane to give 3-acylamino-1,4-benzoquinone-
4-oxime and unreacted 3-acyIwninophenol. Relevant data fo r th is  series 
of reactions are given in Table 6.2.
Table 6.2. Yields, m.p’s. and analytical data o f 3-acylamlno-1,4-benz0- 
quinone-4-oxlmes obtained from the reaction of 3-acylaminophenol with 
sodium n itrite /acetic  acid in watenmethanol mixture.
3-Acylamlnophenol 3-Acylamino-1,4-benzoquinone-4-oxime 
(X g, Y mmol) Yield m.p./°C Found *
(X) Requires
C H N
Recovered 
Phenol (X)
3-P rop ion y 1 am i no­ 48 150-152 55.6, 5.2, 14.4 40
phenol (2.2, 13) 55.6, 5.2, 14.4
3-Butyrylamino- 40 176-178 57.7, 5.7, 13.4 44
phenoi (2.2, 12) 57.7, 5.8, 13.5
3-Pentanoy lam i no­ 30 132-135 59.5, 6.3, 12.6 63
phenol (2.0, 10) 59.5, 6.3, 12.6
3-Heptanoy lam i no­ 41 128-130 62.4, 7.2, 11.2 54
phenol (2.0, 9) 62.2, 7.1, 11.3
6.3.4. Reaction o f 3-acylamlnophenol with sodium n itrlte /ace tic  acid.
A suspension of the 3-acylamlnophenol (X g, Y mmol) in acetic acid (50 
cm^) was cooled to -10°C before sodium n itr ite  (0.6 g, 9 mmol) in water 
(10 cm^) was added. The mixture was s tirred  (24 h) during which time the
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temperature was allowed to rise slowly to room temperature. The 
resultant orange solution weis concentrated to low volume to give an 
orange paste which was dissolved In water (100 cm ) and neutralized with 
saturated sodium carbonate solution to  afford a yellow-orange solid 
(three component by TLC). Qualitative tests with aqueous ferrous 
ammonium sulphate gave a dark green precipitate. The solid was 
chromatographed with a tolueneiethylacetate (3:1) to give 3-scylsmino- 
1,4-benzoquinone-4-oxime and un reacted 3-acyl ami nophenol both Identified 
by elemental analysis and comparative m.p.’s (c f  6.3.3). The th ird  
fraction, an orange oil was eluted with methanol and was shown by 
comparative TLC to contain the 5-acylamino-1,2-benzoquinone-2-oxime (see 
Table 6.3 fo r recovery).
In another experiment, 3-acylamlnophenol was reacted (eis above) with an 
excess of both acetic acid and sodium n itrite . Concentration o f the 
reaction mixture a fte r 24 h afforded a dark orange paste (multicomponent 
by TLC) which could not be adequately separated.
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Table 6.3. Products and recovery obtained from the reaction of 
3-acylaminophenols with sodium n itr ite /n e a t acetic acid.
3-acy lami nophenol Recovery (%)
(X g, Y mmol) 3-R-qOH* Phenol Other
3-Propionylaminophenol 53 27 17
(2.2, 13)
3-Butyrylaminophenol 43 34 20
(2.2, 12)
3-Pentanoylaminophenol 50 36 15
(2.0, 10)
3-Heptanoy 1 am i nop henol 
(2.0, 9)
46 38 12
*  3-R-qOH »  3 - A c y l a » i n o - l , 4 - b e n 2 o q u in o n e -4 - o x iB i e .
6.3.5. Reaction of 3-acyl ami nophenol with amyl n itr ite  in the presence 
of potassium hydroxide.
3-Acy I ami nophenol (c£l 30 mmol) was added to a solution of potassium 
hydroxide (1.1 g, 20 mmol) in absolute ethanol (100 cm^) with s tirr in g . 
The mixture was cooled to -10 °C and amyl n itr ite  (3.5 g, 29 mmol) was 
added dropwise. The reaction was allowed to proceed ( 24 h) during which 
time the temperature was allowed to rise slowly to room temperature. The 
resultant orange-brown solution was concentrated to low volume giving a 
brown paste. The latter was dissolved in water and acidified with dilute 
acetic acid. Filtration afforded the 3-acyl ami nophenol (89-95% recovery) 
identified by elemental analysis and comparative m.p.’s c f  6.3.1.
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6.3.6. Reaction o f 3-amlno- and 3-alkylaminophenols w ith sodium n itr ite / 
acetic acid.
3
To a solution of the phenol (1.0 g, 9 mmol) In methanol:water (100 cm , 
3:1), acetic acid (15 cm^) was added. The solution was cooled to  -10 °C 
and sodium n itr ite  (0.7 g, 22 mmol) In water (25 cm^) was added dropwlse 
(15 min) w ith s tirr in g . The reaction was allowed to  proceed (24 h).
F iltra tion  afforded brown solids (multicomponent by TLC; negative tests 
w ith aqueous fe rrous ammonium sulphate).
6.3.7. Reaction o f 3-alkylamlnophenol w ith amyl n itr ite  in the presence 
o f potassium ethoxide.
Potassium (0.7 g, 18 mmol) was dissolved in absolute ethanol and the 
solution cooled to  -10 °C. To th is , 3-a lky  lam I nophenol (2.1 g, 11 mmol) 
was added followed by amyl n itr ite  (1.3 g, 11 mmol) dropwise (5 min). 
The m ixture was s tirre d  (24 h) during which time the temperature was 
allowed to rise slowly to  room temperature. The resultant solution was 
concentrated to  low volume under a stream o f nitrogen, to  afford an oily 
residue. The la tte r was s tirre d  with d iethyl ether. F iltra tion of the
resultant m ixture gave an orange-brown solid which was dissolved In 
water, acidified w ith d ilu te  hydrochloric acid (5 cm^, 4M) and filte re d  
to  give 3-hexyl£unino-1,4-benzoquinone-4-oxime 1.2 g, 45%, m.p. 73 °C, 
(Found: C, 63.6, H, 7.9, N, 12.9%, «"«ciuires C, 64.1, H, 8.2,
N, 12.6); If (KBr) 3401 (NH), 1627 (C=0 quinoid); 6„(250 MHz, CD OD)
O. 90 (m, 3H, CH3), 1.35 (m, 6H, CH  ^ (x3)), 1.70 (m, 2H, CH^), 3.21 (m,
2H, CH_), 6.40 (d, 1H, A r), 6.22 (d,d, 1H, A r), 7.5 (d, 1H, Ar); m/z 222
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(M*. 50%).
Sim ilarly, 3-heptylaminophenoi gave 3-heptylaminor~1,4-benzoquinone- 
4-oxime 2.5 g, 73 %, m.p. 67 °C (Found: C, 65.9, H, 8.7, N, 12.0%
^ 13^ 20*^ 2^2 11.9%); (KBr) 3418 (NH),
1635 (C=0 quinoid); 6^(250 MHz, CD3OD) 0.90 (m, 3H, CH3), 1.35 (m, 8H, 
CHg (x4)), 1.70 (m, 2H, CH^), 3.20 (m, 2H, CH^), 6.40 (d, 1H, A r), 6.82 
(d,d, 1H, A r), 7.70 (d, 1H, A r); m/z 236 (M*, 81%).
Using the same procedure 3-ethylam ino-4-methy I phenol (10.0 g, 66 mmol) 
and 2wnyl n itr ite  (7.8 g, 67 mmol) gave product 5-ethylamino-4-methyl- 
1,2~benzoquinone-2-oxime monohydrate 9.5 g, 88%, m.p. 152-153 °C (Found: 
C, 54.6, H, 7.1, N, 14.1%, Calc, fo r C, 54.5, H, 7.1,
N, 14.1%); V (KBr) 3400 (NH), 1635, 1610 (C=0 quinoid); 6 (250 MHz,
CD 3 OD) 1.30 (t, 3H, CH 3 ), 2.21 (S, 3H, CH 3 ), 3.53 (q, 2H, CH^), 5.70 (s, 
1H, Ar), 6.92 (s 1H, A r), 19.1 (s, 1H, NH); m/z 180 (M*, 65%).
6.3.8. Reaction o f 3-amino and 3-a lky  lam I nophenols w ith sodium n itr ite  
In concentrated hydrochloric acid.
Concentrated hydrochloric acid (100 cm^) was added to  a solution o f the 
phenol (X g, Y mmol) in methanol (minimum volume required to dissolve 
the compound). The solution was cooled to  -10°C before sodium n itr ite  
(6.9 g, 100 mmol) in water (25 cm^) was added dropwise (0.5 h) w ith 
s tirrin g . The m ixture was s tirre d  fo r a fu rth e r 1 h. F iltra tion  afforded 
yellow 1,2-benzoquinone-2-oxime hydrochloride monohydrate which were 
washed w ith d ilute hydrochloric acid (3 x 50 cm^) and diethyl ether (3 x
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50 cm^) and dried under vacuum at 20 °C. Relevant data fo r these 
reactions are given in Table 6.4).
Table 6.4 Yields, m.p.’s and analytical data o f 1,2-benzoqulnone-2-oxlme 
hydrochloride monohydrate obtained from  the reaction o f 3-alkylam lno- 
phenols with sodium n itr ite  In concentrated hydrochloric acid.
Phenol
(X g, Y mmol)
1 ,2-benzoqulnone-2-oxlme hydrochloride monohydrate
Yield m.p. /  C Found%
% Requires 
C H N
3-Aml nophenol 63 150-160 37.4 5.0 14.3
(10.9, 100) decomp. 37.4 4.7 14.5
3“ Hexyl2Ufninophenol 78 120-130 52.1 7.6 10.2
(17.0, 88) decomp. 52.1 7.6 10.1
3-Heptylaminophenol 69 90-100 53.9 8.0 9.4
(12.7, 61) decomp. 53.7 7.9 9.6
3” Et h y lam 1 no-4-met h y 1“ 93 240-250 46.5 6.2 11.9
phenol (10.1 , 68) decomp. 46.1 6.4 11.9
6.3.9. Interaction o f 1,2-benzoquinone-2-oxlme hydrochlorides with 
potassium carbonate.
To a solution o f the 1,2-benzoqulnone-2-oxlme hydrochloride (X g, Y 
mmol) in methanol:water (1:4, 100 cm^), saturated aqueous potassium 
sodium carbonate solution (5 cm^) was added dropwise until a 
precipitate formed. The m ixture was s tirre d  fo r a fu rth e r (0.5 h), 
filte re d , washed w ith water (5 x 25 cm^) and dried under vacuum to 
afford orange 1,2-benzoquinone-2-oximes (see Table 6.5 fo r yields and 
elemental analysis).
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Table 6.5 Yields, m.p.’s and analytical data o f 1,2-benzoqulnone-2- 
Oximes obtained from the interaction o f 1,2-benzoquinone-2-oxime 
hydrochlorides w ith potassium carbonate.
5-R-qOH.HCI Substituted-1,2-benzoquinone-2-oxime
(g, mmol) Yield
X
m.p./°C FoundX 
Requires 
C H N
5-AqOH.HCI 90 183-185 52.2 4.5 20.1
(5.0, 29) 52.2 4.3 20.3
5-Et-4-MeqOH.HCI 91 152-153 60.0 6.7 15.6
(10.0, 43) 60.0 6.7 15.6
5-HxqOH.HCI 83 82-84 64.9 8.1 12.6
(10.0, 36) 64.9 8.1 12.6
5-HpqOH.HCI 86 70-73 66.1 8.4 11.9
(4.5, 15) 66.1 8.4 11.9
6.3.10. Nitrosation o f 3-acylaminophenol in the presence o f n icke l(ll) 
chloride hexahydrate.
N icke l(ll) chloride hexahydrate (11.3 g, 50 mmol) in water (50 cm^) was 
added to  a solution of the phenol (X g, Y mmol), acetic acid (30 cm ) 
and sodium acetate trih yd ra te  (30.1 g, 195 mmol) In a m ixture of water 
and methanol (200 cm^ 1:3). Sodium n itr ite  (16.5 g, 240 mmol) In water 
(50 cm^) was added dropwise with s tirrin g  (1 h). The m ixture vtas then 
s tirre d  (48 h). F iltra tion  gave a yellow orange solid which was washed 
with water (5 x 100 cm^) and Soxhiet extracted w ith dichloromethane to 
afford oran ge bis(5 -acylamino-1,2 -benzoQuinone-2 -oximato)nickel( 11)
hydrate (see Table 6.6 fo r yields and analytical data). Removal o f the 
solvent from the extracts afforded yellow, 3-acylamino-U4~benzoquinone-
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4-oxime (identified by comparative m.p. and IR). Further amounts o f the 
3-acyiam ino-1 ,4-benzoquinone-4-oxime were recovered by concentration o f 
the orig inal filtra te  and subsequent column chromatography o f the 
residue thus obtained.
Table 6.6. Yields, m.p.’s and analytical data fo r products o f the 
nitrosation o f 3-acylamlnophenol in the presence o f n ic k e l(ll) chloride 
hexahydrate.
Phenol 
(g, mmol) Yield
(%)
M(qo)2-nH20 
m.p. (dec.)
/°c
Found X 
Requires 
C H N Ni
3-RqOH*
(X)
3“ P rop ion y lam i no- 69 240-245 38.7 3.2 9.7 10.7 22
phenol (15.1, 90) 39.1 3.3 10.1 10.6
3-Butyryletfnlno- 72 250-253 40.1 5.9 9.1 10.1 17
phenol (15.2, 91) 41.3 5.9 10.1 10.1
3-Pentanoy lami no- 68 232-240 45.8 5.6 9.5 10.1 19
phenol (17.8, 92) 46.1 5.9 9.8 10.3
3-Heptanoy lami no- 67 240-245 49.6 6.5 8.5 9.5 16
phenol (17.6, 90) 49.6 6.7 8.9 9.3
6.3.11. Nitrosatlon o f 3-alkylaminophenol In the presence o f n lc k e l(ll) 
chloride hexahydrate.
N lcke l(ll) chloride hexahydrate (6.2 g, 26 mmol) in water (50 cm^) was 
added to a solution of the phenol (X g, Y mmol) and acetic acid (50 cm ) 
in a m ixture o f methanol and water (100 cm^, 3:1). Sodium n itr ite  
(5.1 g, 74 mmol) in water (25 cm^) weis added dropwise (0.5 h) with 
s tirrin g  (48 h). F iltra tion  afforded a brown solid. The la tte r was
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washed w ith water (5 x 50 cm^) and Soxhiet extracted with d iethyl ether. 
The brown residue was dried under vacuum at 20 C/0.1 mmHg to afford 
bis(5 -afkylamino-1,2 -benzoquinone-2 -oximato)nickel(ll) hydrates (see 
Table 6.7 fo r yields and analytical data). Concentration o f the ether 
extract afforded a second brown solid (multicomponent by TLC). 
Satisfactory separation of the la tte r wets not achieved.
Table 6.7. Yields, m.p.’s and analytical data fo r the products o f the 
nitrosation of 3-a lky  lamlnophenols in the presence o f n icke l(ll) 
chloride hexahydrate.
Phenol Ni(qo)2.nH20
(g, mmol) Yield m.p. (dec.) Found X
(X) /°c Requires
C H N Ni
3- E t  h y 1 am 1 no-4-met h y 1 - 23 230-235 41.0 6.6 10.5 11.2
phenol (5.0, 33) 41.2 6.5 10.7 11.2
3-Hexylamlno- 11 250-253 54.1 7.3 10.0 10.6
phenol (5.0, 26) 53.7 7.1 10.4 10.9
3-Heptylamino- 13 250-253 55.7 7.9 9.5 10.1
phenol (5.0, 25) 55.2 7.4 9.9 10.4
6.3.12. Interaction o f 5-a lkylam lno-1 ,2-benzoquinone-2-oxlme with 
n lcke l(ll) chloride hexahydrate.
3
To n icke l(ll) chloride hexahydrate (1.0 g, 4.2 mmol) in water (50 cm ), 
a methanolic solution o f the 5-a lkylam ino-1 ,2-benzoQuinone-2-oxime (X g, 
Y mmol) was added dropwise with s tirrin g  (24 h). F iltra tion  afforded 
oran ge, sol i d bis(5-afkylamino- 1,2-benzoquinone-2-oximato)nickel(11)
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dihydrate which was washed w ith water and dried under vacuum at 
20 °C/0.1 mmHg. Relevant data fo r th is  series o f reactions are given In 
Table 6.8.
Table 6.8. Yields m.p.’s and analytical data fo r the  complexes obtained 
by the Interaction o f 5-a lkylam ino-1 ,2-benzoquinone-2- 0ximes w ith 
n icke l(il) chloride hexahydrate
X-qOH NI(qo)2.nH20
(g, mmol) Yield m.p. (dec.) Found X
(* ) A Requires
C H N NI
5-HxqoH 90 250-253 53.4 6.9 10.4 10.9
(2.0, 9) 53.7 7.1 10.4 10.9
5-HptqoH 87 250-253 55.2 7.6 10.0 10.4
(2.1, 9) 55.2 7.4 9.9 10.4
5-Et-4-MeqoH 93 230-235 47.7 5.7 12.4 13.0
(2.0, 1 1 ) 47.7 5.7 12.4 13.1
6.3.13. Nitrosation o f 3-butyrylam lnophenol In the presence o f 
copper(ll) chloride dihydrate.
Copper(ll) chloride dIhydrate (8.2 g, 48 mmol) In water (50 cm^) was 
added to  a solution o f 3-butyrylam lnophenol (16.4 g, 92 mmol), acetic 
acid (30 cm^), sodium acetate trIh yd ra te  (15.1 g, 110 mmol) In a m ixture 
of methanol and water (200 cm^, 3:1). To th is  m ixture, sodium n itr ite  
(16.6 g, 240 mmol) In water (50 cm^) ^as added w ith s tirr in g . F iltra tion  
a fte r 48 h afforded a brown solid which was washed with water (5 x 
100 cm^) and Soxhiet extracted with dichloromethane to  give the brown
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bis(5-butyrylamino~1,2-benzoquinone-2-oximato)copper(U) dihydrate 16.5 
g, 65*, m.p. 230-235 °C (decomp.); (Found: C, 47.6, H, 4.9, N, 10.8, 
Cu, 12.4*; C,^H,-CuN.0_ requires C, 46.7, H, 5.1, N, 10.9, Cu 12.2*); P 
1.79;. Concentration o f the dichloromethane extract to  low volume gave a 
yellow-brown solid. The la tte r was mixed with a sim ilar solid obtained 
by concentration o f the orig inal filtra te  and washings and 
chromatographed with a m ixture of toluene and ethylacetate (3:1). This 
gave 3-butrylamino-1,4-benzoQuinone-4-oxime (2.1 g, 12*; confirmed by 
comparative m.p. and IR), and unreacted 3~butyrylaminophenol (2 g, 11*) 
(confirmed by comparative m.p. and IR).
Sim ilarly, 3-heptanoylamlnophenol (16.4 g, 92 mmol) gave the brown 
bis(5-heptanoy lam i no-1,2-benzoquinone-2-oximato)copper( 11) dihydrate
14.2 g, 50*, m.p. 230-238 °C (decomp.) (Found: C, 52.0, H, 6.5, N, 9.3, 
Cu, 10.6* C^^H^„CuN^0- requires C, 52.2, H, 6.4, N, 9.4, Cu, 10.4*); p 
1.86; and yellow 3-heptanoylamino-1,4-benzoquinone-2-oxime (1.2 g, 6.1* 
confirmed by comparative m.p. and IR).
6.3.14. NItrosation o f 3-acylami nophenol In the presence of 
palladium (ll) chloride.
To palladlum (ll) chloride (3.0 g, 17 mmol) in watendilute hydrochloric 
acid (4M), ( 9:1, 100 cm^), a solution o f the phenol (5.0 g, 33 mmol) 
and sodium acetate trIh yd ra te  (7.0 g, 55 mmol) In a mixture o f water and 
methanol (1:3, 100 cm^) and acetic acid (15 cm^) was added. Sodium 
n itr ite  (3.5 g, 51 mmol) In water (50 cm^) was added dropwlse (0.5 h), 
and the m ixture s tirre d  (24 h). F iltra tion  gave a brown solid which was
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washed with water (5 x 50 cm^), Soxhiet extracted w ith dichloromethane 
and dried under vacuum at 20 °C/0.1 mmHg to a fford  bis(5-acetylamino- 
1,2 -benzoQuinone-2 ’-oximato)palladium(ll) 4.1 g, 53X, m.p. 250-255 C 
(decomp.), (Found: C, 41.4, H, 3.0, N, 12.1, Pd, 23.0%
requires C, 41.1, H, 3.0, N, 12.1, Pd 22.8%).
Sim ilarly, 3-butyrylam inophenol (5.3 g, 30 mmol) gave bis(5-butyryh
amino-1,2-benzoquinone-2’-oximato)palladium(ll) 4.7 g, 60%, m.p. 270-275 
°C (decomp.), (Found: C, 46.2, H, 4.2, N, 10.8, Pd, 20.4% 
requires C, 46.2, H, 4.2, N, 10.8, Pd 20.4%).
6.3.15. Nitrosation o f 3-acylaminophenol In the presence o f potassium 
tetrachloroplatinate( 11 ).
To potassium tetrachloroplatinated I) (1.2 g, 3 mmol) in water (50 cm^), 
a solution of the phenol (1.0 g, 7 mmol), sodium acetate trih y d ra te  (4.2 
g, 31 mmol) in a m ixture o f water and methanol (1:3, 40 cm ), and acetic 
acid (5 cm^) was added. Sodium n itr ite  (1.5 g, 15 mmol) in water (25 
cm^) was added dropwise (15 min). The mixture was s tirre d  fo r 7 days 
during which time no precipitate appeared. Concentration o f the 
resultant m ixture and filtra tio n  afforded a black solid (multicomponent 
by TLC). Satisfactory separation of which could not be achieved.
6.3.16. Interaction o f 5-a lkylam lno-1 ,2-benzoqulnone-2-oximes with 
copper(il) chloride dihydrate.
The procedure was the same as th a t fo r 6.3.12 except th a t copper(ll)
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chloride (0.5 g, 3 mmol) replaced n lc k e l(ll) chloride. The products 
obtained were the bis(5 -alkylamino-1,2 -benzoquinone-2 -oximato)coppBr(ll) 
dihydrates (see Table 6.9 fo r yields and elemental analysis).
Table 6.9. Yields and analytical data fo r products o f the Interaction of 
5-a lkylam ino-1 ,2-bonzoquinone-2-oxlmes w ith oopper(ll) chloride 
dihydrate.
X-qOH Cu(qo)2.2H20
(g, mmol) Yield m.p. (dec.) Found %
(%) Requires
C H N Cu
5-HxqoH 90 215-220 53.2 7.0 10.3 11.7
(1.1, 5) 53.2 7.0 10.3 11.7
5-HptqoH 87 200-205 54.4 7.6 9.6 10.9
(1.0, 4) 54.8 7.4 9.8 11.1
5-Et-4-MeqoH 93 220-225 47.0 5.7 12.2 14.0
( 1 .0, 6) 47.2 5.7 12.2 13.9
6.3.17. Interaction o f 5-acylamlno and 5-a lkylam lno-1 ,2-benzoquinone-2-  
oxime with pailadium (ll) chloride.
To a solution o f palladium (ll) chloride (1.0 g, 5.6 mmol) in a m ixture 
o f water and hydrochloric acid (9:1, 100 cm^), a methanolic solution of 
the 5-acyl o r 5-a lkylam lno-1 ,2-benzoqulnone-2-oximes (X g, Y mmol) was 
added dropwise with s tirr in g  (24 h). F iltra tion  gave a brown solid which 
was washed with water (5 x 25 cm^) and dried under vacuum to  afford 
bis(5-acytamino)- an d bis(5-alkylamino- 1,2-benzoquinone-2-oximato)-
palladium(ll) (see Table 6.10 fo r yields and elemental analysis).
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Table 6.10. Yields, and analytical data fo r products o f the Interaction 
o f 5-acylam lno- and 5-a lkylafn ino-1 ,2-benzoquinone-2- 0xlme w ith 
palladium (ii) chloride.
X-qOH 
(g, mmol) Yield
(%)
Pd(qo)2 
m.p. (dec.) 
/ ”c
Found % 
Requires 
C H N Pd
5” AcqoH 71 250-255 41.3 3.0 12.1 22.8
(3.0, 16) 41.3 3.0 12.1 22.8
5-BuqoH 63 270-265 46.3 4.6 10.8 20.4
(3.2, U ) 46.2 4.2 10.8 20.4
5-Et-4-MeqoH 87 230-237 45.8 4.9 11.6 22.8
(4.0, 22) 46.0 4.7 11.9 22.6
5-HxqoH 68 240-245 52.3 6,2 10.2 19.3
(2.0, 1 1 ) 52.3 6.2 10.2 19.3
6.3.18. Interaction o f 5-acylamino- and 5-alkylam lno-1,2-benzoquinone-2- 
oxime with potassium te trach lo rop la tina te (il).
The procedure was the same as fo r 6.3.18 except th a t potassium 
te trach lo rop la tina te (ll) (1.0 g, 3 mmol) replaced palladium (ll) chloride 
and the reaction was done In the absence o f hydrochloric acid. The 
product obtained was the bis(1,2 -benzoguinone-2 -oximato)platinum(ll). 
Relevant data fo r th is  series o f reactions are given In Table 6.11.
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Table 6.11. Yields, and analytical data fo r the product o f the 
Interaction o f 5-acylamlno- and 5-a lkylam ino-1 ,2-benzoqulnone-2-Oxlme 
w ith potassium te trach io ro p la tin a te (ll) chloride.
X-qOH Pt(qo)2
(g, mmol) Yield m.p. (dec.) Found X
(X) / “c Requires
C H N Ni
5-AcqoH 63 230-233 34.7 2.5 10.1 35.4
( 1 .0, 6) 34.7 2.5 10.1 35.3
5-BuqoH 47 240-245 39.4 3.6 9.2 32.0
(0.4, 2) 39.4 3.6 9.2 32.0
5-Et-4-MeqoH 53 230-235 39.1 4.0 10.1 35.3
(1 .1 , 6) 39.1 4.0 10.1 35.3
5-HxqoH 52 240-245 45.4 5.2 9.0 30.8
(0.5, 2) 45.2 5.3 8.8 30.6
6.3.19. Reaction o f bls(5-acylamlno) and bls(5-alkylam lno-1,2-benzo- 
qulnone-2-oxlm ato)nlckel(lI) hydrate w ith pyrid ine.
A suspension of b ls(1 ,2-benzoqulnone“ 2-oxlm ato)nickel(lI) hydrate (X g, 
Y mmol) and pyrid ine  (0.5 g, 6 mmol) were s tirre d  In acetone (24 h). 
Addition o f lig h t petroleum (1CX) cm^, b.p. 30-40 °C) to  the resultant 
solution gave bis(1f2 -benzoQuinone-2 -oxim8to)nickel(ll)bispyridine which 
was washed with lig h t petroleum (6 x 25cm^) and dried under vaccum at 
20 °C, 0.1 mmHg. Relevant data fo r th is  series o f reactions are given 
In Table 6.12.
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Table 6.12. Yields and analytical data fo r the product o f the reaction 
o f pyrid ine  w ith bis(5-acylamino) and bis(5-a lkylam ino-1 ,2-benzoqulnone- 
2-oxim ato)nickei(ll) hydrates.
Mi(X-qo)2.nH20 
(g, mmol) Yield
(%)
NI(qo)2(py) 
m.p. (dec.)
/°c
2
c
Found % 
Requires 
H N Ni
NI(5“ Prqo).6H20 96 240-245 55.3 4.8 13.5 9.8
(1 .0. 2) 55.8 4.7 13.9 9.7
Ni(5-Buqo)2.6H20 98 240-243 57.4 5.4 13.6 9.3
(1 .0, 2) 57.1 5.1 13.3 9.3
NI(5-Peqo)2.4H20 95 235-240 58.3 5.5 12.6 8.7
(1 .0, 2 ) 58.3 5.5 12.8 8.9
Ni(5-Hpqo)2.4H20 93 230-236 60.6 5.9 11.9 8.2
(0.8, 0.5) 60.4 6.2 11.8 8.3
Ni(5-Hxqo).2H20 83 240-245 61.6 6.1 12.7 8.9
(0.5, 0.9) 61.9 6.7 12.8 8.9
Ni(5-Hptqo)2.2H20 80 250-255 62.9 6.9 12.3 8.5
(0.5, 0.9) 62.9 7.0 12.2 8.6
NI(5-Et-4-Meqo)2.6H 2° 90 250-255 58.3 5.5 14.7 10.2
(0.6, 1 ) 58.5 5.6 14.7 10.2
6.3.20. Reaction o f bis(5-acylafnino)- and bis(5-alkylam ino-1,2-benzo- 
quinone-2-oxim ato)nickel(ll) hydrates w ith 2,2-d lp y rld y l.
To a suspension of the bls(1,2-benzoqulnone-2-oxim ato)nickel(ll) hydrate 
(X g, Y mmol) In acetone (50 cm^) 2 ,2 -d ipyrldy l 0.3 g, 2.0 mmol) was 
added. The m ixture was s tirred  at 20 °C (24 h). Subsequent filtra tio n  
gave orange solids which were washed w ith acetone (2 x 25 cm^) and
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diethyl ether (2 x 25 cm^), dried under vacuum at 20 °C, 0.1 mmHg to  
afford orange bis(1,2 -benzoquinone-2 -oximato)nickel(l i)2,2-dipyhdyl.
Relevant data fo r th is  series o f reactions are given In Table 6.13.
Table 6.13. Yields and analytical data fo r the product o f the reaction 
o f bls(5-acylam lno-l,2-oxlm ato)n lcke l(ll) hydrates w ith 2,2-d lp y rld y l.
NI(qo)2.nH20 
(g, mmol)
NI(qo)2(d lpy) 
m.p. (dec.) Found % 
Requires
C H N Ni
93 250-260 55.9 4.4 13.9 9.8
55.9 4.3 14.0 9.7
98 230-240 57.3 4.8 13.3 9.3
57.3 4.8 13.3 9.3
93 240-245 58.6 5.3 12.8 8.7
58.5 5.2 12.8 8.9
94 230-237 60.7 5.9 11.7 8.3
60.6 5.9 11.8 8.2
70 240-250 62.4 6.5 12.8 8.9
62.3 6.4 12.8 8.9
72 250-260 63.4 6.8 12.3 8.5
63.3 6.7 12.3 8.6
74 250-260 58.8 5.2 14.7 10.2
58.7 5.2 14.7 10.2
Ni(5-Prqo).6H20
NI(5-Buqo)2.6H20
Ni(5-Peqo)2.4-H20
NI(5-Hpqo)2.4H20
NI(5-Hxqo).2H20
NI(5-Hptqo)2.2H20
6.3.21. Interaction o f bls(5-acylam lno-) and bls(5-alkylam lno-1,2- 
benzoqulnone“ 2-oxlmato)copper(l I) dIhydrates w ith pyrid ine.
The procedure was the same as fo r 6.3.24 except th a t the copper(ll) 
complexes replaced the n lcke l(ll) complexes. The products obtained were
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the bis(1,2-benzoquinone-2-oximato)oopper(U) pyridine (see Table 6.U  
fo r yields and elemental emaiysis).
Table 6.14 Yields and analytical data fo r the product o f the reaction o f 
b ls(5“ acylamlno-) and bls(5-a lkylam lno-1 ,2-benzoqulnone“ 2-oxlm ato)- 
co p p e r(ll) dIhydrates w ith pyrid ine.
Cu(qo)2.2H20 
(g, mmol)
Cu(qo)2(py)
m.p. (dec.) Found X 
Requires
C H N Cu
Cu(5-Buqo)2-2H20 82 240-243 52.2 4.5 12.9 11.4
{0.5, 1) 52.2 4.4 13.3 11.4
Cu(5-Hpqo)2.2H20 98 220-225 58.1 6.2 10.9 9.9
(0.5, 0.9) 58.1 6.1 10.9 9.9
Cu(5-Hxqo)2.2H20 70 240-245 59.5 6.7 12.0 10.9
(0.5, 0.9) 59.5 6.7 12.0 10.9
Cu(5-Hptqo)2-2H20 72 250-255 60.7 7.0 11.4 10.4
(0.5, 0.9) 60.7 7.0 11.4 10.4
Cu(5-Et-4-Meqo)2.2H ^074 250-258 43.2 5.4 14.0 12.6
(0.5, 1) 43.2 5.4 14.0 12.7
6.3.22 Interaction o f bis(5-acylam lno-) and bls(5-a lkylam lno-1 ,2-benzo- 
qulnone-2-oxlm ato)oopper(ll) dIhydrate w ith 2 ,2 -d ipyrldy l.
The procedure was the same as fo r 6.3.20 except th a t the copper(ll) 
complexe replaced the n lcke l(ll) complexe. The product obtained was the 
bis(1,2-benzoquinone-2-oximato)copper(il)2,2-dipyridyi (see Table 6.16 
fo r yields and analytical data).
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Table 6.16 Yields and analytical data fo r products o f the reaction o f 
bis(5-acylamino-) and bis(5-a lkylam ino-1 ,2-benzoquinone-2-oxim ato)- 
copper(ll) hydrates w ith 2,2-d ip y rid y l.
Cu(qo)2.nH20 
(g, mmol) Yield
(X)
Cu(qo)2(d lpy) 
m.p. (dec.)
/°c
C
Found X 
Requires 
H N Cu
Cu(5-Buqo)2.2H20 71 250-255 56.8 4.7 13.3 10.0
(0.5, 0.9) 56.8 4.7 13.3 10.2
Cu(5-Hpqo)2.2H20 77 240-246 60.2 5.9 11.8 8.9
(0.5, 0.9) 60.2 5.9 11.7 8.9
Cu(5-Hxqo)2.2H20 67 240-250 61.7 6.4 12.7 9.6
(0.5, 0.9) 61.7 6.4 12.7 9.6
Cu(5-Hptqo)2.2H20 73 250-255 62.8 6.0 12.4 9.2
(0.5, 0.9) 62.7 6.2 12.2 9.2
Cu(5-Et-4-Meqo)2.2H 2°  88 250-255 58.2 5.2 14.5 11.0
(0.5. 1) 58.2 5.2 14.5 11.0
6.3.23 Interaction o f bis(5-acylam ino)- and bis(5-alkylam ino-1,2- 
benzoquinone-2-oxim ato)palladium (ll) dihydrates w ith pyrid ine.
To the b is(1 ,2-benzoquinone-2-oxim ato)palladium (ll) (0.6 g, 1.3 mmol) in 
a round bottom flask, pyrid ine (10 cm^) was added. The m ixture was 
gently refluxed (2 h) with s tirr in g . The resu lting m ixture was s tirre d  
with lig h t petroleum (b.p. 40-60 °C, 50 cm^), filte re d  and dried to  give 
unreacted complex (0.6 g, 100%).
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6.3.24. Interaction o f bls(5-acylamino) and bis(5-acetylafnlno-1,2- 
benzoquinone-2-oxlmato)platlnum(l I) w ith pyrid ine.
The procedure was sim ilar to th a t described in 6.3.23 except th a t the 
bis(1,2-benzoquinone-2“ Oximato)platinum(lI) complexes (0.5 g, 0.9 mmol) 
replaced the palladium complexes. The unreacted complex (0.5 g, 100X) 
was recovered.
6.3.25. Ion-exchange chromatography of bis(5-acyliufnlno-1,2-benzoqulnone- 
2-oxim ato)n icke l(ll) hydrates.
A solution o f the b is(1 ,2-benzoquinone-2-oxim ato)nlckel(l I) hydrate 
(X g, Y mmol) in methanol (1(X) cm^) was mounted on an ion-exchange 
column packed w ith Dowex 50W-X8(H) (40-60 mesh) Ion-exchange resin to a 
length o f 20 cm. Slow elution with a mixture o f water and methanol (3:1) 
gave orange 5-acylamino-1,2’-benzoquinone-2-oxime on concentration o f the 
the eluates. Relevant data fo r th is  reaction are given in Table 6.18.
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Table 6.18 Yields m.p.*s and analytical data o f 5-acylam ino-1,2- 
benzoquinone-2-oxlmes obtained by Ion-exchange chromatography o f the 
corresponding n ic k e i(ll) complex.
Ni(qo)2.nH20 
(g, mmol)
5-Acy lam i no-1,2-benzoq u I none-2-oxl me 
d m.p./°C Found %
Requires
C H N
Ni(5-Prqo).6H20 58 154-156 55.8 5.1 14.4
(0.2, 0.4) 55.7 5.2 14.4
Ni(5-Buqo)2.6H20 58 110 -112 57.6 5.8 13.4
(0.3, 0.6) 57.7 5.8 13.4
Ni(5-Peqo)2.4H20 50 104-106 59.4 6.3 12.7
(0.3, 0.4) 59.5 6.3 12.6
Ni(5-Hpqo)2.4H20 65 98-100 60.8 7.2 11.8
(0.3, 0.4) 60.8 7.2 11.8
6.3.26. Acidolysis of b ls (5 -b u tyry  lamlno-1,2--benzoqu i none-2-oxlm ato)-
copper(ll) hydrates.
To a suspension of bis(5-butyrylam ino-1,2-benzoqu i none-2-oximato) -
copper(ll) dIhydrate (1.0 g, 2 mmol) In water (100 cm^). dilute HCI (4M,
25 cm^) was added. The m ixture was s tirre d  (0.5 h) and then extracted
with ethylacetate. Concentration of the ethylacetate extract afforded 
orange 5-butyrylamino-1,2-benzoquinone-2-oxime (0.6 g, 77%; confirmed by 
elemental analysis and comparative IR, and m.p.).
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6.3.27. Reaction o f 1,2-naphthoquinone-1-oxlme with dim ethylacetylene- 
dicar boxy late in aqueous ethyleneglycol dim ethlyether (EGDE).
To a solution o f 1,2-naphthoquinone-1-oxlme (1.1 g, 6.6 mmol) in 
EGDEiwater (80 cm^, 7:1), DMAD (2.5 g, 17.6 mmol) was added. The m ixture 
vtas s tirre d  at 40 °C (5 h) giving an orange brown solution. Removal o f 
the solvent afforded an orange paste which vtas chromatographed with 
toluene to  give orange cis-(0-1,2-dicarbomethoxyethenyl)-1,2~naphtho- 
quinone~1-Oxime 0.4 g, 43%, m.p. 106-108 (Found: C, 60.9, H, 4.1,
N, 4.4% C,_H,_N0_ requires C, 61.0, H, 4.1, N, 4.4X); (KBr) 1724,
1715 (C=0 ester), 1657 (C=0, quinoid); 6^(250 MHz, DMSO) 3.66 (s, 3H, 
CH,), 3.89 (s, 3H, CH_), 6.30 (d, 1 H, CH Ar), 6.44 (s, 1 H, CH v in y lic ); 
7.46-7.64 (m, 4H, CH Ar), 7.86 (d, 1H, CH Ar); m/z 315 (M*, 53%). 
Further elution w ith a m ixture o f toluene and dichloromethane afforded 
yel low trans- ( 0 - 1,2-dicarbomethoxyethenyl)-U2-naphthoquinone-1-oxime
O. 4 g, 49%, mp 125-127 °C (Found: C, 60.9, H, 4.2, N, 4.5% C^gH^gNO^;
requires C, 61.0, H, 4.1, N 4.4%); (KBr) 1739, 1717 (C=0 ester),
1658 (C=0, quinoid); 6„(250 MHz, DMSO) 3.66 (s, 3H, CH_), 3.89 (s, 3H, 
CH.), 6.30 (d, 1H, CH Ar), 6.44 (s, 1H, CH v iny lic ); 7.41-7.62 (m, 4H,3
CH Ar), 7.86 (d, 1H, CH Ar); m/z 315 (M*, 47%).
6.3.28. Reaction o f 1,2-naphthoquinone-1-oxime with DMAD in aqueous EGDE 
in the presence o f sodium chloride.
To a solution o f 1 ,2-naphthoquinone-1-oxime (1.03 g, 6 mmol) and sodium 
chloride (0.1 g, 2 mmol) in EGDE:water (80 cm^, 7:1), DMAD (2.5 g, 17.6 
mmol) was added. The mixture was s tirre d  at 40 °C fo r 5 h. Concentration
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of the resultant solution to  low volume afforded a yellow-orange solid 
(multicomponent by TLC). The la tte r was chromatographed w ith toluene to  
give cis-(0-1,2-dicarbomethoxyethenyl)-1,2-naphthoquinone-1-oxime (0.6 g 
32%; confirmed by elemental analysis and comparative IR and m.p.). 
Further Further elution w ith a m ixture o f toluene and dichloromethane 
afforded trans- (0-1,2-dicarbomethoxyethenyl)-1,2 -naphthoquinone-1-oxime 
(1.2  g, 60%; confirmed by by elemental analysis and comparative IR and 
m.p.). Elution with methanol afforded an orange residue (0.1 g; m u lti- 
component by TLC).
Sim ilarly, reaction o f 1,2-naphthoquinone-1-oxime and DMAD in the 
presence of lithium , potassium, magnesium and aluminium chloride all 
afforded a yellow-orange solid (X g, Y *). TLC showed tha t the 
composition o f th is  solid to be sim ilar to  th a t obtained from the 
involving sodium chloride. Recovery o f the yellow-orange from these 
reactions are given in Table 6.19.
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Table 6.19. Reagents and recovery from the reaction of 1-nqOH (6.0 mmol) 
w ith DMAD (14.0 mmol) In the presence o f selected main group metal 
chlorides.
MCIn
(g, mmol)
Recovery
(%)
LiCI 94
(0.1 , 2 .6)
KCI 68
(0.2, 2.7)
MgClg 54
(0.3, 2.7)
AlCl^ 50
(0.3, 2.5)
6.3.29. Reaction o f 1 ,2-naphthoqulnone-1-oxlme w ith DMAD In aqueous EGDE 
In the presence o f n lc k e l(ll) chloride hexahydrate.
To a solution o f 1 ,2-naphthoqulnone-1 -oxime (1.1 g, 6.3 mmol) In 
EGDE:water (80 cm^, 7:1), n ic k e l(ll) chloride (0.3g, 1.4 mmol) and DMAD 
(2.0 g, 14 mmol) were added. The m ixture was s tirre d  at 40 °C (5 h). 
F iltra tion  afforded a green-brown solid which was washed w ith EGDE (2 x 
10 cm^) and water (3 x 50 cm^) and dried under vacuum at room 
temperature to  give bis(1,2 -naphthoquinone-1-oximato)nickel(ll) 0.6g, 
100X, mp 230-235 dec. °C, (Found: C 59.6, H 3.1, N 7.0% Calc, fo r 
C H N 0 Ni: C 59.6, H 3.0, N 7.0%). Concentration of the filtra te  gave
20 12 2 4
a yellow-orange residue which was chromatographed to give 
cis-(0 - 1,2 -dicarbo-methoxyethenyl)-U2 -naphthoquinone-1-oxime 0.1 g, 7%, 
and ira n s -(0 - 1,2 -dicarbomethoxyetheny0 -1 ,2 -naphthoquinone-1-oxime 0.4
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g, 20X both identified by elemental analysis, comparative IR and m.p.
In another experiment, 1,2-naphthoquinone-1-oxime (1.1 g, 6 mmol) 
n lcke l(ll) chloride hexahydrate (0.4 g, 1.7 mmol) and DMAD (2.0 g, 14 
mmol) In EGDEiwater (80 cm^, 7:1) were refluxed (24 h). F iltra tion  o f 
the cold reaction mixture gave a pink solid which was washed w ith EGDE 
(2 X 10 cm^), methanol (2 x 25 cm^) and water (2 x 25 cm^) and dried 
under vacuum at room tem perature to  a fford  nickel(ll) butynedioate 
octahydrate 0.3 g, 38%, m.p. 200-210 °C decomp. (Found: C, 14.2, H, 4.2, 
Ni, 18.6% Calc, fo r 18.8%).
(Concentration o f the combined filtra te  and washings gave a brown peiste 
which was chromatographed using toluene and dichloromethane to give 
4-hydroxy'-2,3-dimethoxycarbonyl-1,4-naphthoxazine 1.0 g, 55%, m.p. 162- 
164 °C (Found: C 60.8, H 4.2, N 4.5% Calc, fo r C 60.9, H 4.1,10 10 O
N 4.4%); m/z 315 (M*, 67). Further elution w ith methanol gave a red 
solid (0.1 g; multicomponent by TLC).
6.3.30. Reaction o f 1-naphthoquinone-2-oxlme with DMAD in aqueous EGDE 
in the  presence o f copper(ll) chloride dihydrate.
To a solution o f 1,2-naphthoqulnone-1-oxime (1.0 g, 6 mmol) in 
EGDE:water (80 cm^, 7:1), copper(ll) chloride (0.2 g, 1.4 mmol) and DMAD 
(2.0 g, 14 mmol) were added. The m ixture was s tirre d  at 40 °C (5 h). 
F iltra tion  of the reaction m ixture a fte r th a t time gave a brown solid 
which was washed with EGDE (2 x 10 cm^), water (2 x 25 cm^) and methanol 
(2 X 25 cm^) and dried under vacuum at room temperature to  afford 
bis(1,2-naphthoquinone-1-oximato)copper(ll) 0.6 g, 1CX)% m.p. 215-220 °C
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decomp. (Found: C, 58.9, H 3.0, N 6.9X Calc, fo r ^
H 3.0, N 6.9X). Concentration o f the combined washings and filtra te  gave 
a brown paste which was fleish chromatographed w ith toluene and 
dichloromethane to  give tran3 - ( 0 - 1,2 -dicarbomethoxyethenyl)-1,2 -naphtho- 
quinone-1-oxime 0.2 g, 12% and cis-(0-1,2-dicarbomethoxyethenyl)-
1,2-naphthoquinone-1-oxime 0.2 g, 12% both identified by elemental
analysis, comparative IR and m.p.
In another experiment, l,2-naphthoquinone-1-oxim e (1.0 g, 6.2 mmol), 
copp e r(ll) chloride dihydrate (0.2 g, 1.4 mmol) and DMAD (2.0 g, 14 
mmol) in EGDEiwater (80 cm^, 7:1) were refluxed (24 h). F iltra tion
afforded a green solid which vies washed with EGDE (2 x 10 cm ), water (2
X 25 cm^) and methanol (2 x 25 cm^) and dried under vacuum at room
temperature to  give crude copper(!I) butynedioate tetrahydrate 0.1 g, 
15% (confirmed by elemental analysis, and comparative IR). Concentration 
of the combined washings and filtra te  gave a brown paste which was 
chromatographed with toluene and dichloromethane to  give 4-hydroxy-2,3- 
dimethoxycarbonyh1,4~naphthoxazine 0.8 g, 42%, m.p. 163-165 °C, (Found: 
C, 60.9, H, 4.1, N, 4.5%, Calc, fo r C, 60.9, H, 4.1, N, 4.4%)
m/z 315 (M* 53). Further elution w ith methanol gave a red solid (0.1 g; 
multicomponent by TLC).
6.3.31. Reaction o f Bis(5-butyrylam ino-1,2-benzoqulnone-2-oximato) 
n ic k e l(ll) hexahydrate w ith DMAD in aqueous EGDE.
Bis(5-butyrylewnino-1,2-benzoquinone-2-oximato)nlckel(ll) hexahydrate
(1.0 g, 1.8 mmol) and DMAD (0.8 g, 5.6 mmol) were refluxed with
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EGDE-.water (80 cm^, 7:1) (24 h). F iltra tion  afforded a pink solid which 
was washed w ith EGDE (2 x 10 cm^), methanol (2 x 10 cm^) and water (3 x 
25 cm^) and dried under vacuum at room tem perature to  give nickel(ll) 
butynedioate octahydrate 0.2 g, 23* (confirmed by elemental analysis and
comparative IR). Concentration o f the combined washings and filtra te
gave an orange pe^te which weis chromatographed with a m ixture o f toluene 
and ethylacetate (3:1) to  give pale yellow 7-butyrylam ino-4-hydroxy-2,3- 
dimethoxycarbonyl-1,4-benzoxazine 0.6 g, 48X, m.p. 200-202 °C, (Found: 
C, 54.9, H, 5.1, N, 8.0% requires C, 54.8, H, 5.2, N, 8.0%);
u (KBr) 3424 (NH), 1773, 1728 (C=0 ester); 6„(250 MHz, CD OD) 0.95 
(t, 3H, CH3 acyl), 1.70 (sxt, 2H, CH^). 2.36 (t, 2H, CH^), 3.84 (s, 3H, 
CH, methoxy), 3.87 (s, 3H, CH, methoxy), 7.31 (d.d, 2H, Cti A r), 7.50 (d, 
1H, CH Ar), 7.68 (d,d, 1H, CH aromatic), 9.47 (s, 1H, NH); m/z 350 (M*,
25%). Further elution with methanol gave a red oil (0.1 g;
multicomponent by TLC).
6.3.32. Reaction o f Bis(5-butyrylamino-1,2-benzoqulnone-2-oximato) 
co pp e r(ll) d ihydrate w ith DMAD in aqueous EGDE.
Bis(5-bu tyry iam ln o -1 ,2-benzoqulnone-2-oximato)copper(l I) d ihydrate (1.0 
g, 2 mmol) and DMAD (0.8 g, 5.6 mmol) were refluxed with EGDE:water (80 
cm^, 7:1) (24 h). F iltra tion  afforded a green solid which was washed 
w ith EGDE (2 X 10 cm^), methanol (2 x 10 cm^) and water (3 x 25 cm^) and 
dried under vacuum at room temperature to  give copper(ll) butynedioate 
tetrahydrate 0.2 g, 21*  identified by elemental analysis and comparative 
IR. Concentration o f the combined washings and filtra te  gave an orange 
paste which was chromatographed with a m ixture of toluene and
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ethylacetate (3:1) to  give pale yellow 7-butyrylam ino-4-hydroxy-2,3- 
dimethoxycarbonyl-1,4-benzoxazine 0.8 g, 60X, m.p. 200-202 °C, (Found; 
C, 54.9, H, 5.1, N, 8.0X, requires C, 54.8, H, 5.2, N, 8.0%);
V (KBr) 3424 (NH), 1773, 1728 (C=0 ester); 5„(250 MHZ, CD OD) 0.95 
(t, 3H, CHg acyl), 1.70 (SXt, 2H, CH^). 2.36 (t, 2H, CH3), 3.84 (s, 3H, 
CH, methoxy), 3.87 (s, 3H, CH, methoxy), 7.31 (d,d, 2H, CH Ar), 7.50 (d, 
1H, CH Ar), 7.68 (d,d, 1H, CH Ar), 9.47 (s, 1H, NH); m/z 350 (M*, 33X). 
Further elution with methanol afforded a red o il (0.1 g; multicomponent 
by TLC).
6.3.33. Reaction o f Bls(4-bro fno-1 ,2-benzoqulnone-2-oxlm ato)nlckel(l I) 
w ith DMAD in aqueous EGDE.
To a solution o f Ni(4-Brqo)_ (1.1 g, 2.3 mmol) in EGDEiwater (80 cm , 
7:1), DMAD (1.0 g, 9.2 mmol) was added. The m ixture was refluxed (24 h). 
F iltra tion afforded a pink solid which was washed w ith EGDE (2 x 10 
cm^), methanol (2 x 25 cm^) and water (3 x 25 cm^) and dried to  give 
nickel(ll) butynedioate octahydrate (0.3 g, 41% Identified by elemental 
analysis, and ^m para tlve  IR). Concentration o f the combined filtra te  
and weishings gave a brown solid which was chromatographed with toluene 
and dlchloromethane to  give 6-brofno-3,4-dihydro-3-(2-oxo-2-methoxy- 
ethylidene)-2H-1,4-benzoxazin-2-one 0.5 g, 36%, m.p. 178-180 °C, (Found: 
C, 44.5, H, 2.7, N, 4.8% Calc, fo r C^^HgBrNO^: C, 44.4, H, 2.7, N, 4.7%) 
V (KBr) 3458 (NH), 1780 (C=0 ester), 1606-1668 (C=0 ester); 5 (250 
MHz, DMSO) 3.97 (s, 3H, CH  ^ methoxy), 5.97 (s, 1H, CH v in y lic ), 7.00 (m, 
1H CH Ar), 7.10 (m, 2H, CH Ar), 10.65 (s, 1H, NH); m/z 297 (M*,
56%). Further elution w ith dlchloromethane gave a second yellow solid
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i den tif ied as e-bromo-4-h ydroxy-2,3-dimethoxycarbonyl-1,4-b^nzoxazine 
0.3 g, 28%, m.p. 198-200 °C, (Found: C, 41.9, H, 2.9, N, 4.1 X
Calc, fo r C ,,H ,„BrN 0^: C, 42.0, H, 2.9, N, 4.1X); (KBr) 3243 (OH),
1769, 1727 (C=0 ester); 6^(250 MHz, DMSO) 3.93 (s, 3H, CH3 methoxy), 
3.96 (s, 3H, CH methoxy), 6.93 (d, 1H, CH Ar), 7.50 (d,d, 1H, CH Ar),O
7.83 (d, 1H CH Ar); m/z 343 (M*, 53X). F urther elution with ethylacetate 
and methanol afforded red-brown solids (0.3 g; multicomponent by TLC).
6.3.34. Reaction of Bis(4-brom o-1 ,2-benzoquinone-2-oxlm ato)copper(lI) 
w ith DMAD in aqueous EQDE.
To a solution o f Cu(4-Brqo) (1.1 g, 2 mmol) in EGDE:water (80 cm , 7:1) 
DMAD (1.0 g, 9.0 mmol) was added. The m ixture was refluxed (24 h). 
F iltra tion  gave a green solid which was washed with EGDE (2 x 10 cm ), 
water (3 x 25 cm ) and methanol (2 x 25 cm ) and dried to a fford  crude 
copper(ll) butynedioate 0.2 g, 28% (identified by elemental analysis and 
comparative IR). Concentration o f the combined washings and filtra te  
gave a brown paste which was chromatographed with a m ixture toluene and 
dichloromethane to a fford  yellow-orange 6-bromo-3,4-dihydro-3-(2-oxo-2- 
methoxy~ethylidene)-2H-1,4-benoxazin-2-one (0.4 g, 48X), identified by 
elemental analysis and comparative m.p. Further elution with dichloro­
methane gave a second yellow solid 6-bromo-4-hydroxy~2,3-dimethoxy- 
carbonyl-1,4-benzoxazine (0.4 g, 27%) identified by elemental analysis 
and comparative m.p. Elution with ethylacetate and methanol afforded 
red-brown residues (0.3 g; mulcomponent by TLC).
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6.3.35. Reaction o f Bls(4-ch lo ro -1 ,2-benzoqulnone-2-oxim ato)nlckel(l I) 
w ith DMAD in aqueous EGDE.
To a solution o f NKA-CIqo)^ (1.0 g, 2.3 mmol) in EGDEiwater (80 cm , 
7:1), DMAD (1.1 9, 10 mmol) was added. The m ixture was refluxed (24 h) 
and then filte re d  to  give a pink solid which was washed w ith EGDE (2 x 
10 cm^), water (3 x 25 cm^) and methanol (2 x 25 cm^). This gave pure 
nickel(ll) butynedioate (0.3 g, 41%; identified by elemental analysis 
and comparative IR). Concentration of the combined washings and filtra te  
gave a brown peiste which was chromatographed with a m ixture of toluene 
and dichloromethane to  give yellow-orange 6-chloro-3,4-dihydro-3- 
(2-oxo-2-methoxyethyHdene)-2H-1f4-t>enzoxazin-2-one 0.4 g, 30%, m.p. 
188-190 °C, (Found: C, 52.2, H, 3.2, N, 5.6% Calc, fo r C^^HgCINO^: 
C, 52.2, H, 3.2, N, 5.5%); (KBr) 3430 (NH), 1779 (C=0 ester), 1609-
1653 (C=0 lactone); 6^(250 MHz, DMSO) 3.85 (s, 3H, CH3 methoxy), 5.95 
(s, 1H, CH v in y lic ), 7.05 (m, 1H, CH Ar), 7.15 (m, 2H, CH Ar), 10.65 (s, 
1H, NH); m/z 253 (M*, 67%). Further elution with dichloromethane gave a 
second yellow solid identified as 6-chloro-4-hydroxy~1,4-benzoxazine 0.4 
g, 28%, m.p. 190-192 °C (Found: C, 48.2, H, 3.4, N, 4.7% Calc, fo r 
C H «CIÑO,: C, 48.2, H, 3.3, N, 4.7%); ^ (KBr) 3239 (OH), 1769, 1728 
(C=0 ester); 6j^ (250 MHz, DMSO) 3.93 (s, 3H, CH^ methoxy), 3.96 (s, 3H, 
CH methoxy), 5.10 (s, 1H, OH), 6.92 (d, 1H, CH Ar), 7.18 (d,d, 1H, CH 
Ar), 7.15 (d, 1H, CH Ar); m/z 299 (M*, 53%). Elution w ith ethylacetate 
and methanol gave red-brown (0.3 g; multicomponent by TLC).
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6.3.36. Reaction of Bis(4-chloro-'1,2,benzoquinona-2-oximato)oopper(l I) 
w ith DMAD in aqueous EQDE.
To a soiution o f CuCA-Ciqo)^ (1.1 9$ 2.3 mmoi) in EGDE:water (80 cm^, 
7:1), DMAD was added. The m ixture was refluxed (24 h) and then filte re d  
to give a green solid which was washed w ith EGDE (2 x lOcm^), water (3 x 
25 cm ) and methanol (2 x 25 cm ) and dried. This afforded crude 
copper(H) butynedioate (0.3 g, 28%) identified by comparative IR w ith 
an authentic sample cf 6.3.34. Concentration o f the combined washings 
and filtra te  gave a brown paste which was chromatographed w ith a m ixture 
o f toluene and dichloromethane to  give a yeiiow-orange solid, 6-^hloro- 
3,4~dihydro~3-(2-oxo-‘2~methoxy-ethyli dene)-2H-1,4-ben zoxazin-2-i>ne (0.4 
g, 39%). Further elution w ith dichioromethane afforded a second yellow 
solid, 6-chloro-4-hydroxy-2,3-dimethoxycarbonyl-1,4-benzoxazine (0.33 g, 
27%). Both compounds were identified by elemental analysis, comparative 
m.p. and IR with authentic samples cf 6.3.35. Elution w ith ethylacetate 
and methanol afforded red-brown multicomponent (TLC) residues (0.2 g).
6.3.37. Reaction o f Bis(4-bromo-1,2-benzoquinone-2-oximato)nickel(l I) 
w ith DMAD and octene in aqueous EGDE.
To a solution o f Ni(4-Brqo) (1.1 g) in EGDE:water (80 cm , 7:1), octene
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(10 cm ) and DMAD (0.9 g, 6 mmol) were added. The m ixture was refluxed 
(24 h). F iltration gave a pink solid which was washed w ith EGDE (2 x 10 
cm^), methanol (2 x 25 cm^) and water (3 x 25 cm^) and dried to  a fford  
nickel(ll) butynedioate octahydrate (0.3 g, 40%; identified by elemental 
analysis and comparative IR). Concentration o f the combined washings and
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and filtra te  gave a yellow-brown solid which was chromatographed w ith a 
m ixture of toluene and dichloromethane to  give a yellow 6-bromo-3,4- 
dihydro-3-(2-oxo-2~methoxyethylideneh2H-1,4-benzoxazin-2-one (1.5 g, 
95X; identified by elemental analysis and comparative m.p. and IR). 
Further elution w ith ethylacetate and methanol afforded a brown solid 
(0.3 g; multicomponent by TLC).
6.3.38. Reaction o f Bis(1 ,2-Naphthoquinone-1 -oxim ato)nickel(l I) w ith 
DMAD and octene in aqueous EGDE.
To b is(1 ,2-naphthoquinone-1-oxim ato)nickel(l I) (1.1 g, 2.7 mmol) In 
EGDEiwater (80 cm^, 7:1), octene (10 cm^) and DMAD (0.9 g, 6 mmol) were 
added. The m ixture was refluxed (24 h). F iltra tion  o f the reaction 
m ixture gave a pink solid which was washed with EGDE (2 x 10 cm ), 
methanol (2 x 25 cm^) and water (3 x 25 cm^) to  afford nickel(ll) 
butynedioate octahydrate (0.3 g, 41%; Identified by comparative IR). 
Concentration of the combined washings and filtra te  gave a brown paste 
which was chromatographed with a m ixture toluene and dichloromethane to 
afford the yellow 4-hydroxy-2,3-dimethoxycarbonyM,4-naphthoxazine (1.0 
g, 60%; identified by elemental analysis and comparative m.p. and IR). 
Further elution w ith ethylacetate and methanol gave a red-brown residue 
(0.2 g; multicomponent by TLC).
6.3.39. Reaction o f 1 ,2-diamlnoethanedione dioxime w ith DMAD in aqueous 
EGDE.
To a solution o f 1,2-diamlnoethanedione dIoxime (1.04 g) In EGDE:water
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(80 cm^, 7:1) DMAD (2.0 g, 14 mmol) was added. The m ixture was refluxed 
(24 h). Concentration o f the reaction m ixture gave a yellow paste which 
was s tirre d  w ith a m ixture of toluene and methanol (50 cm , 6:4) and 
then filte re d  to  a fford  a white powdery solid. The la tte r was 
recrystallised from a mixture o f toluene and methanol to  a fford  cis- 
bis(0-1,2-dicarbomethoxyethenyl)-U2-diaminoethanedione dioxime 1.0 g, 
29%, m.p. 136-138 °C, (Found: 402; C, 42.0, H, 4.7, N, 13.8% 
requires C, 41.8, H, 4.5, N, 13.9%); (KBr) 3500-3400 (NH), 1700-
1800 (C=0 ester), 1610 (C=N); 6^(250 MHz, CD3OD) 3.64 (m, 6H, 2 x CH  ^
methoxy), 3.80 (m, 6H, 2 x CH3 methoxy), 6.00 (s, 2H, 2 x CH v in y lic  ); 
m/z 402 (M*, 23%) and white plate like crysta ls o f trans-
bis(0-1,2-dicarbomethoxyethenyl)-1,2-diaminoethanedione dioxime 1.2  g, 
34*. m.p. 192-194 “c, (Found: C, 41.8, H, 4.6, N, 13.8X requires 
C, 41.8, H, 4.5, N, 13.9X): (KBr) 3500-3400 (NH), 1700-1800 (C=0
ester), 1610 (C=N); «„(250 MHz, CD.OD) 3.63 (s, 6H, 2 x CH  ^ methoxy), 
3.79 (s, 6H, 2 X CH_ methoxy), 6.18 (s, 2H, 2 x CH v in y lic ), 7.00 (s, 
4H, NH); m/z 402 (M*, 58%).
6.3.40. Reaction o f dimethylglyoxime w ith DMAD In aqueous EGDE.
3
To a solution o f dimethylglyoxime (1.0 g, 2 mmol) In EGDE:water (80 cm , 
7:1), DMAD (1.8 g, 13 mmol) was added. The mixture was refluxed (24 h). 
Concentration o f the resultant solution gave an orange paste. The la tte r 
was redlssolved in a m ixture o f toluene and methanol (50 cm , 6:4) and 
allowed to  stand. A white solid was precipitated a fte r several hours. 
This solid was filte re d  o ff and washed with cold acetone (3 x 50 cm ) to 
a fford  pure unreacted dimethylglyoxime (1.0 g, 94%; identified by
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comparative IR and m.p. w ith an authentic sample).
In another experiment dimethylglyoxime (1.0 g, 2 mmol) and DMAD (2.0 g, 
14 mmol) were refluxed fo r 72 h. Concentration o f the resu ltant solution 
gave a yellow pziste which wets precipitated with a mixture o f toluene and 
methanol to afford a white solid (multicomponent by TLC). The 
components of th is  solid could not be adequately separated.
Sim ilarly, reaction of DMAD (14 mmol) w ith benzil anti monooxime (2 
mmol) and cyclohexanedione dioxime (2 mmol) gave white multicomponent 
solids.
6.3.41. Reaction o f Bls(1 ,2-diaminoethanedionedloximato)nickel(l I) w ith 
DMAD in aqueous EGDE.
To a solution of b is(1 ,2-diaminoethanedlone dioxim ato)nickel(lI) (1.6 g, 
5 mmol) in EGDEiwater (80 cm^, 7:1) DMAD (2.0 g, 14 mmol) was added. The 
mixture was refluxed (24 h) and then filte re d  to give a pink solid and 
an orange filtra te . The solid was washed with EGDE (2 x 10 cm ), water 
(3 X 25 cm^) and methanol (2 x 25 cm^) and dried to a ffo rd  nickel(ll) 
butynedioate octahydrate 0.3 g 33% (identified by comparative IR with an 
authentic sample. Concentration of the combined washings and filtra te  
gave an orange paste which was dissolved in a m ixture o f toluene and 
methanol (50 cm^, 6:4) and allowed to  stand fo r several days. This 
afforded white powdery cis-bis(0-1,2-dicarbomethoxyethenyl)-1,2-diamino~ 
ethanedione dioxime (0.6 g, 29%) and white plate-like crysta ls  o f tra n ^  
bis(0-1,2-dicarbomethoxyethenylh1,2-diaminoethanedione dioxime (0.9 g,
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43%). Both were identified by elemental analysis and comparative m.p. 
and IR.
6.3.42. Reaction o f bls(dlm ethyglyoxlm ato)nlckel(l I) w ith DMAD In 
aqueous EGDE.
To a suspension o f b ls(dlm ethylglyoxlm ato)nlckel(ll) (1.5 g, 5 mmol) In 
EGDEiwater (80 cm ^ 7:1), DMAD (2.0 g, 14 mmol) was added. The m ixture 
was refluxed (24 h). F iltra tion  o f the reaction m ixture gave a brown 
solid which was washed with EGDE (2 x 10 cm ), water (5 x 25 cm ) and 
methanol (5 x 25 cm^) and dried to  give unreacted bis(dimethylglyoxim- 
ato)nickel(ll) (1.4 g, 95%; Identified by comparative IR with an 
authentic semiple).
6.3.43. Reaction o f 5-h yd ro x y -1 ,2-benzoqulnone-2-oxlme with DMAD.
5-H ydroxy-1 ,2-benzoqulnone-2-oxlme (1.1 g, 7 mmol) and DMAD (2.3 g, 16 
mmol) In EGDEiwater (80 cm^, 7:1) was gently refluxed with s tirr in g  
(3 h). F iltra tion o f the hot m ixture afforded a brown multicomponent 
solid (0.4 g), which could not be separated. Concentration o f the 
filtra te  afforded a brown paste which was w ith dichloromethane to  afford
trans-(0~U2-dicarbomethoxyethenyl)-5-hydroxy-1,2-benzoquinone-2-oxime
0.6 g, 28%g, m.p. 135-136; (Found: C, 50.4, H, 4.1, N, 5.0% 
requires C, 50.5, H, 3.9, N, 4.9%); (KBr) 3231 (OH), 1743, 1679
(C=0 ester), 1626 (C=0 quinoid); 5^(250 MHz, CD^OD) 3.67 (s, 3H, CH  ^
methoxy), 3.92 (s, 3H, CH3 methoxy), 5.91, (s, 1H, CH v in y lic ), 6.44 (d, 
1H, CH Ar), 6.53 (d,d, 1H, CH A r), 7.26 (d, 1H, CH Ar). Further elution 
w ith ethylacetate afforded o ily  residues which could not be
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APPENDIX 1.
General spectroscopic characteristics o f 3-acyl and 3-alkylaminophenols.
3-Acyl and 3-alkylaminophenols have been reported p reviously .' 
However, little  spectroscopic data fo r these compounds have been 
published. Presented in th is  appendix are the general IR, NMR and mass 
spectral characteristics o f these compounds determined during th is  
study.
The IR spectra are exemplified by Figures A1 and A2. These 
spectra contain bands assignable to  t^ NH between 3306 and 3311 cm '  fo r 
the acylamino substitu ted compounds and between 3283 and 3290 cm '  fo r 
th e ir alkylamino analogues.
Figure A1. IR spectrum of S-propionylaminophenol
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Figure A2 IR spectrum of 3-hexylaminophenol.
The NMR spectra o f both sets o f compounds in deuterated 
methanol displayed signals due to  the OH and NH protons at approximately 
5.00 ppm and 11.91 ppm respectively. The NMR spectra o f the 
acylamlnophenols (eg. Fig. A3) showed all fo u r aromatic protons as 
individual m ultip lets between 6.80 and 7.30 ppm (Table A1.1). By 
contrast, the spectra o f the alkylamino analogues (eg. Fig. A4.) 
contained two m ultip lets In the aromatic region (Table A1.1).
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Table A1.1 NMR spectral assignments for 3 -propionylaminophenol and 
3-hexylaminophenol.
Compound Assignment M u ltip lic ity 6ppm
8 t  " j ,  3 (7.04) 1.20
7 q 2.35
6 s 9.81
5 m 7.20
4 m " j ,  3 (7.04) 6.95
3 t 7.00
2 m 6.55
1 s 5.00
^2 11 10 9 8 7
CM jCM jCHjCM jCHjCM jv^
12 m 0.90
9-11 m 1.35
8 m 1.60
OH 1 7 t  3 (aoo) 3.05
6 S 9.81
I  ^"6 5, 4, 2
m 6.10
3 m *^3 3 (7.40) 6.90
1 s 5.00
Singlet; t, triplet; q,  quartet; •. multiplet
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The El mass spectra of both the acylamino and alkylaminophenols 
(eg. Fig. A5) contained re la tive ly prominent molecular Ions (Table A 
1.2). The spectra are dominated by fragmentation o f the substituents 
w ith the base peak (m/z = 109) arising from the loss of these groups.
Figure A5 El mass spectrum of S-heptanoylaminophenol
100—I
tst
JO — m
m
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Table A1.2 Relative abundances and assignments of ions in the mass 
spectrum of 3-heptanoylaminophenol
Ion assignment Relative abundance 
X
m/z
CM]*- 37 221
[M -CHj]* 5 206
[M-C3H3]* 21 192
[M-C3H3]* 10 178
10 164
[M-C3H ,,]* 37 151
27 136
[M-C^H,3C0]* - 100 109
[M-CgHjsCONH]*- 30 93
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APPENDIX 2 X -ray Crystal data to r 5-Hexylamlno-1 ,2-benzoqulnone-2-oxlme 
Monohydrate.
Table A2.1
Positional Parameters and th e ir Estimated Standard Deviations fo r 
5-Hexylamino-1,2-benzoquinone-2-oxime Monohydrate.
Atom X y z B(A2)
01 0.0250(3) 0.4315(2) 0.3845(2) 5.31(5)
02 0.4983(3) 0.3162(2) 0.4012(1) 4.13(4)
03 -0.1687(4) 0.2634(2) 0.4387(2) 5.37(5)
N1 0.1814(4) 0.3877(2) 0.3909(2) 4.24(5)
N7 0.6521(4) 0.6188(2) 0.1952(2) 4.63(6)
01 0.2938(4) 0.4537(3) 0.3528(2) 3.80(6)
02 0.4664(4) 0.4084(3) 0.3551(2) 3.61 (5)
03 0.5874(5) 0.4655(3) 0.3023(2) 3.94(6)
04 0.5469(5) 0.5650(3) 0.2520(2) 3.96(6)
05 0.3804(5) 0.6145(3) 0.2593(2) 4.55(7)
06 0.2608(5) 0.5625(3) 0.3076(2) 4.39(6)
08 0.8157(5) 0.5774(3) 0.1725(2) 5.20(7)
09 0.8157(7) 0.4900(4) 0.0942(3) 6.80(1)
010 0.9844(8) 0.4393(4) 0.0644(3) 7.60(1)
oil 1.0361 (9) 0.3411(5) 0.1239(3) 8.70(1)
012 1.1940(1) 0.2751(5) 0.0889(3) 9.20(1)
013 1.3500(1) 0.3476(6) 0.0912(4) 1 1 .10(2)
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Table A2.2. Table o f Bond Distances In Angstroms fo r 5-Hexylamlno-1,2- 
benzoq u I none-2-oxlme Monoh y d rate. *»
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
01 N1 1.355(4) C3 C4 1.397(4)
02 C2 1.281(4) C4 C5 1.456(5)
N1 Cl 1.302(4) C5 C6 1.328(5)
N7 C4 1.330(4) C8 C9 1.514(6)
N7 C8 1.463(5) C9 CIO 1.535(8)
Cl C2 1.479(5) CIO C11 1.481(7)
Cl C6 1.440(5) C11 C12 1.560(1)
C2 C3 1.398(5) C12 C13 1.500(1)
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Table A2.3. Table o f Bond Angles In Degrees fo r 5-Hexylamlno-1,2- 
benzoquinone-2-oxime Monohydrate.
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
01 N1 01 113.1(3) N7 04 05 116.3(3)
C4 N7 08 124.6(3) 03 04 05 119.9(3)
N1 01 02 115.5(3) 04 05 06 121.4(3)
N1 01 06 125.1(3) 01 06 05 120.0(3)
C2 01 06 119.4(3) N7 08 09 111.4(3)
02 02 01 119.4(3) 08 09 CIO 116.4(4)
02 02 03 122.4(3) 09 CIO O il 112.2(4)
Cl 02 03 118.0(3) CIO O il 012 114.5(5)
02 03 04 120.6(3) O il 012 013 113.5(5)
N7 04 03 123.8(3)
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Table A2.4. Table o f General Displacement Parameters Expressions 
fo r 5-Hexylamino-1,2-benzoquinone-2-oxime Monohydrate.
-
Name B(1,1) B(2,2) B(3,3) B(1,2) B(1,3) B(2,3) Beq
01 2.96(9) 5.90(1) 7.00(1) 0.60(1) 0.50(1) 1 .10(1 ) 5.3
02 3.31(8) 3.96(8) 5.13(8) -0.02(9) -0.07(9) 0.69(8) 4.1
03 3.70(1) 6.80(1) 5.64(9) - 0.10(1 ) - 0.20(1 ) 1.90(1) 5.3
N1 3.10(1) 4.90(1) 4.82(9) 0.10(1 ) 0.10(1 ) 0.00(1 ) 4.2
N7 4.40(1) 4.10(1) 5.40(1) 0.10(1 ) 0.60(1) 0.70(1) 4.6
01 3.60(1) 3.60(1) 4.10(1) - 0.10(1 ) - 0.10(1 ) - 0.10(1 ) 3.8
02 3.30(1) 3.40(1) 4.10(1) - 0.00(1 ) -0.30(1) - 0.20(1 ) 3.6
03 3.40(1) 3.90(1) 4.40(1) 0.20( 1 ) - 0.20(1 ) 0.40(1) 3.9
04 3.90(1) 3.70(1) 4.30(1) -0.40(1) 0.10(1 ) 0.10(1 ) 3.9
05 4.40(1) 3.70(1) 5.50(1) 0.50(1) - 0.00(2 ) 0.30(1) 4.5
06 3.50(1) 4.20(1) 5.50(1) 0.40(1) 0.00(1 ) 0.30(1) 4.3
08 4.00(1) 5.30(2) 6.30(1) -0.40(2) 1 .00(1 ) 1 .20(1 ) 5.2
09 5.70(2) 6.80(2) 8.00(2) 1.30(2) 1 .00(2 ) 0.00(2 ) 6.8
010 6.90(2) 7.20(2) 8.60(2) 0.80(2) 1.80(2) 1.60(2) 7.6
oil 6.70(3) 8.90(3) 10.40(3) 1.00(3) 0.10(3) 1.70(3) 8.7
012 8.30(3) 9.30(3) 10.00(3) 2.50(3) -1.20(3) -0.90(3) 9.2
013 7.00(3) 13.20(4) 13.20(3) 2.50(3) -2.20(4) -4.80(3) 11.1
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Table A2.5. Table o f Refined Displacement Parameter Expressions -  Beta% 
fo r 5-Hexylamlno-1,2-benzoqulnone-2-oxlme Monohydrate.
Name B(1,1) B(2,2) B(3.3) 8 (1.2) B(1,3) B(2,3)
01 0.0115(3) 0.0111(2) 0.0085(1) 0.0033(5) 0.0020(5) 0.0032(3)
02 0.0129(3) 0.0074(2) 0.00617(9)-0.0001 (5) -0.0003(4) 0.0021(2)
03 0.0144(4) 0.0127(2) 0.0068(1) -0.0008(6) -0.0007(4) 0.0058(3)
N1 0.0119(4) 0.0091(2) 0.0058(1) 0.0004(6) 0.0006(5) 0.0001(3)
N7 0.0171(5) 0.0077(2) 0.0065(1) 0.0003(6) 0.0027(6) 0.0021(3)
01 0.0141(5) 0.0068(2) 0.0050(1) -0.0008(6) -0.0006(5) -0.0004(3)
02 0.0129(5) 0.0063(2) 0.0050(1) -0.0002(6) -0.0014(5) -0.0007(3)
03 0.0134(5) 0.0074(2) 0.0053(1) 0.0010(7) -0.0008(6) 0.0013(4)
04 0.0152(5) 0.0069(2) 0.0052(1) -0.0021(7) 0.0006(6) 0.0003(3)
05 0.0173(6) 0.0070(2) 0.0066(2) 0.0027(7) -0.0002(7) 0.0009(4)
06 0.0135(5) 0.0079(3) 0.0066(2) 0.0022(7) 0.0002(6) 0.0009(4)
08 0.0155(5) 0.0100(3) 0.0076(2) -0.0023(9) 0.0045(7) 0.0036(4)
09 0.0221(8) 0.0128(4) 0.0096(2) 0.0070(1) 0.0040(1) 0.0001(6)
010 0.0270(1) 0.0135(4) 0.0104(2) 0.0040(1) 0.0080(1) 0.0047(6)
o il 0.0260(1) 0.0167(5) 0.0125(3) 0.0060(1) 0.0000(1) 0.0050(8)
012 0.0320(1) 0.0175(6) 0.0120(3) 0.0130(2) -0.0050(1) -0.0028(8)
013 0.0270(1) 0.0247(8) 0.0159(4) 0.0140(2) -0.0100(2) -0.0145(9)
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Table A2.6. Table o f General Displacement Parameters Expressions -  U'b 
fo r 5-Hexylamino-1,2-benzoquinone-2-oxime Monohydrate.
Name U(1,1) U(2,2) U(3,3) U(1,2) U(1,3) U(2,3)
01 0.037(1) 0.075(1) 0.089(1) 0.008(1) 0.006(1) 0.013(1)
02 0.042(1) 0.050(1) 0.065(1) -0.000(1) -0.001(1) 0.009(1)
03 0.047(1) 0.086(2) 0.071(1) -0.002(1) -0.002(1) 0.024(1)
N1 0.039(4) 0.062(1) 0.061(1) 0.001(1) 0.002(1) 0.000(1)
N7 0.056(2) 0.052(1) 0.068(1) 0.001(1) 0.008(2) 0.009(1)
C1 0.046(2) 0.046(1) 0.053(1) -0.002(1) -0.002(2) -0.002(1)
C2 0.042(2) 0.043(1) 0.052(1) -0.000(1) -0.004(2) -0.003(1)
C3 0.044(2) 0.050(2) 0.056(1) 0.002(2) -0.002(2) 0.005(1)
C4 0.049(2) 0.046(1) 0.055(1) -0.005(2) 0.002(2) 0.001(1)
C5 0.056(2) 0.047(2) 0.069(2) 0.006(2) -0.001(2) 0.004(2)
C6 0.044(2) 0.053(2) 0.069(2) 0.005(2) 0.002(6) 0.004(2)
C8 0.051(2) 0.068(2) 0.080(2) -0.005(2) 0.013(2) 0.015(2)
C9 0.072(2) 0.086(3) 0.101(2) 0.017(3) 0.013(3) 0.000(2)
CIO 0.088(3) 0.091(3) 0.109(3) 0.010(3) 0.022(3) 0.020(3)
C11 0.085(3) 0.113(4) 0.131 (3) 0.013(3) 0.001 (4) 0.021(3)
Cl 2 0.105(4) 0.118(4) 0.127(3) 0.031(4) -0.015(4) -0.012(3)
Cl 3 0.089(4) 0.167(5) 0.167(4) 0.032(4) -0.028(5) -0.061(4)
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Table A2.7. Table o f Root-mean-square Amplitudes o f Anisotropic 
Displacement in Angstroms fo r  5-Hexylamino-1,2-benzoqulnone-2-oxlme 
Monohydrate.
Atom Min In t’med Max
01 0.189 0.259 0.314
02 0.205 0.215 0.263
03 0.216 0.230 0.323
N1 0.196 0.248 0.248
N7 0.217 0.232 0.274
01 0.208 0.218 0.231
02 0.200 0.207 0.233
03 0.204 0.221 0.244
04 0.206 0.230 0.235
05 0.209 0.244 0.264
06 0.204 0.234 0.265
08 0.202 0.256 0.303
09 0.241 0.305 0.329
010 0.270 0.284 0.366
O il 0.281 0.323 0.382
012 0.281 0.339 0.395
013 0.277 0.326 0.490
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Table A2.8. Table o f Positional Parameters and th e ir Estimated Standard 
Deviations fo r 5-Hexylamino-1,2“ benzoquinone-2-oxime Monohydrate.
Atom X y z B(A2)
HOI -0.047(7) 0.361(3) 0.408(2) 3.8(9)
H03B -0.160(1) 0.227(5) 0.503(5) 7.0(1)
H3 0.700(7) 0.433(3) 0.299(2) 3.4(9)
H03A -0.290(7) 0.283(3) 0.432(2) 3.7(9)
H5 0.358(9) 0.675(3) 0.220(2) 3.6(9)
H6 0.156(9) 0.593(4) 0.311(2) 5.0(1)
HN7 0.616(7) 0.683(3) 0.161(2) 3.6(9)
H8A 0.890(1) 0.542(4) 0.231(3) 6.0(1)
H8B 0.869(8) 0.650(3) 0.146(2) 5.0(1)
H9A 0.770(1) 0.535(4) 0.038(2) 6.0(1)
H9B 0.727(8) 0.433(3) 0.125(2) 4.0(1)
H10B 0.970(2) 0.408(5) -0.008(3) 9.0(2)
H10A 1.074(9) 0.498(4) 0.074(2) 6.0(1)
H11A 0.940(1) 0.272(4) 0.123(3) 8.0(1)
HUB 1.065(9) 0.367(4) 0.192(2) 6.0(1)
H12A 1.190(2) 0.247(7) 0.023(3) 10.0(2)
H12B 1.250(1) 0.209(4) 0.125(3) 8.0(1)
H13C 1.380(2) 0.389(5) 0.148(3) 12.0(2)
H13A 1.470(3) 0.302(5) 0.069(3) 14.0(3)
H13B 1.320(1) 0.406(4) 0.050(3) 11.0(2)
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Table A2.9. Table o f Torsion Angles In Degrees fo r  5-Hexylamlno-1,2- 
benzoquinone-2-oxlme Monohydrate.
Atom 1 Atom 2 Atom 3 Atom 4 Angle
HOI 01 N1 Cl 171.12 (1.73)
01 N1 Cl C2 -178.14 (0.23)
01 N1 Cl C6 -0.17 (0.42)
C8 N7 C4 C3 4.35 (0.49)
C8 N7 C4 C5 -174.74 (0.29)
HN7 N7 C4 C3 176.95 (2.51)
HN7 N7 C4 C5 -2.14 (2.53)
C4 N7 C8 C9 84.51 (0.39)
C4 N7 C8 H8A -40.06 (3.03)
C4 N7 C8 H8B -163.38 (2.20)
HN7 N7 C8 C9 88.45 (2.56)
HN7 N7 C8 H8A 146.98 (3.93)
HN7 N7 C8 H8B 23.66 (3.37)
N1 Cl C2 02 -7.18 (0.39)
N1 Cl C2 C3 169.58 (0.26)
C6 Cl C2 02 174.73 (0.26)
C6 Cl C2 C3 -8.51 (0.40)
N1 Cl C6 C5 -170.08 (0.31)
N1 Cl C6 H6 7.88 (2.87)
C2 Cl C6 C5 7.82 (0.45)
C2 Cl C6 H6 -174.22 (2.84)
02 C2 C3 C4 179.17 (0.27)
02 C2 C3 H3 1.65 (2.40)
Cl C2 C3 C4 2.52 (0.42)
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Table A2.9 oont*d...
Cl C2 C3 H3 -175.01 (2.37)
C2 C3 C4 N7 -174.92 (0.29)
C2 C3 C4 C5 4.14 (0.45)
H3 C3 C4 N7 2.57 (2.47)
H3 C3 C4 C5 -178.38 (2.44)
N7 C4 C5 C6 174.07 (0.31)
N7 C4 C5 H5 5.37 (2.52)
C3 C4 C5 C6 -5.06 (0.48)
C3 C4 C5 H5 173.75 (2.50)
C4 C5 C6 C1 -1.09 (0.49)
C4 C5 C6 H6 -179.01 (2.95)
H5 C5 C6 C1 166.89 (2.44)
H5 C5 C6 H6 -11.03 (3.84)
N7 C8 C9 CIO -179.56 (0.33)
N7 C8 C9 H9A 64.03 (4.36)
N7 C8 C9 H9B -53.55 (2.88)
H8A C8 C9 C10 -52.76 (4.37)
H8A C8 C9 H9A -169.18 (6.15)
H8A C8 C9 H9B 73.25 (5.21)
H8B C8 C9 C10 72.30 (3.77)
H8B C8 C9 H9A -44.12 (5.75)
H8B C8 C9 H9B -161.69 (4.72)
C8 C9 C10 C11 83.61 (0.52)
C8 C9 C10 H10B -157.13 (3.36)
C8 C9 CIO H10A -31.05 (2.31)
H9A C9 CIO C11 -160.22 (2.98)
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C9 CIO HI OB -40.96 (4.49)
C9 CIO H10A 85.12 (3.74)
C9 CIO C11 -30.82 (2.39)
C9 C10 HI OB 88.44 (4.09)
C9 CIO H10A -145.48 (3.25)
C10 C11 C12 172.05 (0.45)
C10 C11 H11A 58.02 (3.27)
CIO C11 HUB -67.83 (4.09)
C10 C11 C12 53.36 (6.68)
CIO C11 H11A -60.67 (7.41)
CIO C11 H11B 173.48 (7.79)
C10 C11 C12 -70.00 (2.99)
CIO C11 H11A 175.97 (4.38)
CIO C11 HUB 50.12 (5.03)
C11 C12 C13 65.57 (0.62)
C11 C12 H12A -54.18 (5.29)
C11 Cl 2 H12B 175.80 (4.47)
C11 C12 Cl 3 -174.88 (2.41)
C11 Cl 2 H12A 65.37 (5.78)
C11 C12 H12B -64.65 (5.08)
C11 C12 C13 -58.53 (2.67)
C11 C12 H12A -178.28 (5.88)
C11 Cl 2 H12B 51.70 (5.21
C12 C13 H13C 50.30 (5.60)
C12 C13 H13A 177.65 (3.47)
C12 Cl 3 H13B -62.19 (3.96)
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Table A2.9 oont’d...
H12A C12 C13 H13C 174.86 (7.77)
H12A C12 C13 H13A -57.79 (6.45)
H12A C12 C13 H13B 62.37 (6.72)
H12B C12 C13 H13C -77.71 (6.19)
H12B C12 C13 H13A 49.64 (4.40)
H12B C12 C13 H13B 169.80 (4.77)
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Table A2.10. Values o f 10*Fobs and 10*F calc
H K Fobs Fcalc H K
-16 48 
-14 45 
-12 17 
-10 112 
-6  486
10 115 
10 109
12 17
12 16
14 45
14 43
16 46
16 44
-13 28
-11 22
-10 155
-9 28
-8 38
-7 37
”6 228
-5 52
-4 375
-3 289
-2 265
-1 319
1 324
2 277
3 293
4 380
5 53
6 229
7 33
8 33
9 27
9 29
10 149
10 154
11 22
11 24
13 28
13 27
-17 35
-16 17
-15 37
-13 58
13 121
L Fobs Fcalc H K L Fobs Fcalc
-11 96 90 0 3 6 116 104
-9 17 15 0 3 7 317 320
-8 60 51 0 3 8 93 94
-7 359 358 0 3 8 94 94
-6 243 248 0 3 9 108 115
-5 282 281 0 3 9 109 115
-4 28 22 0 3 11 22 20
-3 1472 1461 0 3 11 21 20
-2 730 706 0 3 13 45 44
-1 224 214 0 3 13 42 44
0 591 584 0 3 14 63 56
1 226 214 0 3 14 58 56
2 730 706 0 3 16 45 45
3 1453 1461 0 3 16 40 45
4 29 22 0 3 17 41 35
5 286 281 0 3 17 37 35
6 247 248 0 4 -15 51 55
7 358 358 0 4 -14 44 44
8 58 51 0 4 -13 115 110
8 59 51 0 4 -12 17 14
9 15 15 0 4 -11 20 26
11 94 90 0 4 -10 26 25
11 99 90 0 4 -9 94 94
13 62 53 0 4 -8 161 161
13 57 53 0 4 -7 34 48
15 35 43 0 4 -6 86 91
15 38 43 0 4 -5 281 267
16 17 14 0 4 -4 56 63
16 16 14 0 4 -3 147 153
17 37 39 0 4 -2 398 420
17 34 39 0 4 -1 162 163
-17 39 35 0 2 0 300 284
-16 41 45 0 4 1 164 163
-14 60 56 0 4 2 408 420
-13 43 44 0 4 3 152 153
-11 21 20 0 4 4 54 63
-9 111 115 0 4 5 286 267
-8 94 94 0 4 6 85 91
-7 315 320 0 4 7 40 48
-6 116 104 0 4 7 37 48
-5 67 70 0 4 8 158 161
-4 526 524 0 4 8 160 161
-3 722 716 0 4 9 90 94
-2 104 104 0 4 9 92 94
-1 176 188 0 4 10 24 25
1 178 188 0 4 10 24 25
2 105 104 0 4 11 20 26
3 726 716 0 4 11 21 26
4 534 524 0 4 12 16 14
5 66 70 0 4 12 17 14
1 57 53 1 1 15 21 12
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Table 
H K
A2.10
L
. oont’d... 
Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
0 4 13 112 110 0 9 2 59 63 1 1 16 23 25
0 4 14 42 44 0 9 3 44 47 1 1 17 19 23
0 4 14 46 44 0 9 4 89 90 1 2 8 107 114
0 4 15 57 55 0 9 5 115 113 1 2 9 112 116
0 5 5 26 23 0 9 6 22 22 1 2 10 61 68
0 5 6 245 253 0 9 7 71 73 1 2 11 87 88
0 5 6 244 253 0 9 8 46 42 1 2 12 37 35
0 5 7 116 121 0 9 9 32 33 1 2 13 43 48
0 5 7 118 121 0 9 10 29 29 1 2 14 45 51
0 5 8 49 48 0 9 12 50 47 1 2 16 56 48
0 5 8 52 48 0 10 0 26 25 1 2 17 31 32
0 5 9 54 56 0 10 3 30 32 1 3 8 173 165
0 5 9 56 56 0 10 4 24 27 1 3 9 106 107
0 5 10 109 105 0 10 7 54 54 1 3 10 95 106
-0 5 10 106 105 0 10 8 33 37 1 3 11 48 53
0 5 11 87 86 0 10 9 18 15 1 3 12 91 86
0 5 11 92 86 0 10 10 19 18 1 3 13 23 22
0 5 12 36 37 0 10 11 22 19 1 3 14 51 46
0 5 12 35 37 0 11 1 24 21 1 3 15 35 35
0 5 13 35 35 0 11 2 15 11 1 4 7 90 90
0 5 13 32 35 0 11 3 47 44 1 4 8 141 138
0 5 14 31 30 0 11 4 38 38 1 4 9 34 23
0 5 14 28 30 0 11 5 39 42 1 4 10 71 64
0 6 4 32 39 0 11 6 46 50 1 4 11 101 103
0 6 5 51 62 0 11 7 17 21 1 4 12 51 51
0 6 6 69 64 0 11 8 18 21 1 4 13 38 42
0 6 9 73 71 0 12 1 38 43 1 4 14 76 78
0 6 10 112 118 0 12 2 42 44 1 4 15 19 16
0 6 11 19 15 0 12 4 39 36 1 5 6 152 159
0 6 13 25 27 0 12 5 23 22 1 5 7 107 100
0 7 1 74 72 0 13 1 26 26 1 5 8 69 73
0 7 2 255 252 0 13 2 45 41 1 5 9 207 207
0 7 5 33 32 0 13 3 19 20 1 5 10 20 22
0 7 6 44 51 0 13 6 26 23 1 5 11 116 122
0 7 8 22 24 0 14 0 23 30 1 5 12 35 33
0 7 9 46 40 0 14 1 34 35 1 5 13 71 72
0 7 10 42 46 1 0 9 36 33 1 5 16 20 20
0 7 13 22 23 1 0 10 41 48 1 6 3 259 263
0 7 14 28 29 1 0 11 42 40 1 6 4 226 226
0 8 0 142 139 1 0 12 64 72 1 6 5 48 52
0 8 1 102 99 1 0 13 58 48 1 6 6 60 59
0 8 2 48 46 1 0 15 28 22 1 6 7 52 59
0 8 3 112 111 1 0 17 18 25 1 6 8 34 31
0 8 4 98 88 1 1 8 160 163 1 6 9 128 122
0 8 6 30 32 1 1 9 74 77 1 6 10 81 84
0 8 7 29 20 1 1 10 43 42 1 6 11 61 62
0 8 8 49 47 1 1 11 77 73 1 6 12 50 46
0 8 9 52 61 1 1 12 37 42 1 6 13 47 44
0 8 13 28 33 1 1 13 67 72 1 6 14 18 13
1 7 0 38 33 1 10 12 21 20 2 3 13 22 23
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Table
H K
A2.10. oont’d... 
L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
1 7 1 55 61 1 11 0 24 21 2 3 14 35 37
1 7 2 167 160 1 11 1 44 49 2 3 16 21 21
1 7 3 34 22 1 11 2 36 40 2 4 6 100 97
1 7 4 108 107 1 11 3 28 31 2 4 7 217 217
1 7 5 83 80 1 11 4 49 50 2 4 8 98 102
1 7 6 30 31 1 11 5 49 49 2 4 9 80 88
1 7 7 32 33 1 11 6 17 20 2 4 10 93 87
1 7 8 96 100 1 11 7 25 24 2 4 11 20 19
1 7 9 107 108 1 11 8 16 12 2 4 12 42 43
1 7 10 66 61 1 11 9 42 40 2 4 13 56 55
1 7 11 89 98 1 12 0 83 80 2 4 14 57 54
1 7 12 24 29 1 12 1 46 44 2 4 15 15 14
1 7 13 26 24 1 12 2 21 22 2 5 5 52 51
1 7 14 18 17 1 12 3 30 28 2 5 6 101 96
1 8 0 75 73 1 12 4 30 27 2 5 7 36 40
1 8 1 60 56 1 12 5 23 19 2 5 8 182 181
1 8 2 48 48 1 12 6 32 32 2 5 9 118 115
1 8 3 52 48 1 12 7 20 17 2 5 10 137 132
1 8 4 57 56 1 12 8 15 15 2 5 11 62 64
1 8 5 28 29 1 13 0 27 31 2 5 12 80 81
1 8 6 59 53 1 13 2 36 36 2 5 13 70 72
1 8 7 69 70 1 13 6 28 27 2 5 14 21 15
1 8 8 80 80 2 0 8 260 262 2 6 0 87 87
1 8 9 55 57 2 0 9 123 117 2 6 1 96 94
1 8 10 62 56 2 0 10 29 24 2 6 2 113 119
1 8 12 29 31 2 0 11 101 87 2 6 3 92 100
1 8 13 34 32 2 0 13 60 63 2 6 4 49 50
1 9 0 51 47 2 0 14 16 20 2 6 5 26 29
1 9 1 64 61 2 0 15 34 31 2 6 6 21 23
1 9 2 26 24 2 1 8 169 173 2 6 7 81 81
1 9 3 30 26 2 1 9 146 147 2 6 8 113 105
1 9 4 80 85 2 1 10 48 59 2 6 9 93 96
1 9 5 19 22 2 1 11 138 138 2 6 10 86 86
1 9 6 74 76 2 1 12 39 35 2 6 11 76 80
1 9 7 40 44 2 1 14 52 44 2 6 12 19 20
1 9 8 70 73 2 1 15 44 40 2 6 13 30 31
1 9 9 25 22 2 1 17 28 25 2 6 14 26 21
1 9 11 27 26 2 2 7 200 191 2 6 15 34 28
1 9 12 33 32 2 2 8 191 184 2 7 0 26 25
1 10 0 40 38 2 2 9 88 91 2 7 1 100 101
1 10 1 39 37 2 2 10 84 85 2 7 2 69 74
1 10 2 39 31 2 2 11 68 72 2 7 3 19 18
1 10 3 78 75 2 2 12 72 68 2 7 4 27 27
1 10 4 54 52 2 2 13 34 32 2 7 5 77 83
1 10 5 31 33 2 2 14 25 27 2 7 6 169 168
1 10 7 51 46 2 2 16 39 34 2 7 7 184 180
1 10 8 44 47 2 3 8 37 40 2 7 8 127 132
1 10 10 19 14 2 3 10 239 47 2 7 9 67 66
1 10 11 22 23 2 3 11 29 40 2 7 10 58 59
2 7 11 85 82 2 12 4 37 40 3 4 11 19 17
2 7 13 58 59 2 12 5 21 24 3 4 12 29 31
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Table 
H K
A2.10. oont’d... 
L Fobs Peale H K L Fobs Peale H K L Fobs Peale
2 8 0 196 199 2 12 7 23 20 3 4 13 18 19
2 8 1 39 42 2 12 8 31 30 3 5 0 69 67
2 8 2 84 85 2 13 1 27 29 3 5 1 40 38
2 8 3 38 36 2 13 2 20 23 3 5 2 157 162
2 8 4 75 71 2 13 3 23 22 3 5 3 84 87
2 8 5 137 133 2 13 4 16 20 3 5 4 58 52
2 8 6 192 188 2 13 5 24 25 3 5 5 87 90
2 8 7 80 75 3 0 7 94 103 3 5 6 226 235
2 8 8 54 55 3 0 8 18 19 3 5 7 92 86
2 8 9 55 58 3 0 9 38 44 3 5 8 88 80
2 8 10 47 44 3 0 10 35 36 3 5 9 17 19
2 8 11 27 27 3 0 11 51 53 3 5 10 83 89
2 9 0 16 15 3 0 12 50 49 3 5 12 43 37
2 9 1 90 91 3 0 13 73 69 3 5 13 39 35
2 9 2 42 38 3 0 14 21 23 3 5 14 36 32
2 9 3 83 84 3 0 16 18 18 3 5 15 36 34
2 9 4 81 79 3 1 7 78 86 3 6 0 191 187
2 9 5 113 114 3 1 8 113 121 3 6 1 68 69
2 9 6 33 33 3 1 10 42 48 3 6 2 176 176
2 9 7 55 57 3 1 12 20 22 3 6 3 43 37
2 9 8 51 52 3 1 13 22 20 3 6 4 49 48
2 9 9 46 48 3 1 15 19 16 3 6 6 53 54
2 9 11 37 34 3 1 16 35 32 3 6 7 83 81
2 9 12 33 26 3 2 6 115 117 3 6 8 61 54
2 10 0 17 22 3 2 7 28 23 3 6 9 45 46
2 10 1 83 83 3 2 8 21 20 3 6 10 26 24
2 10 2 46 51 3 2 9 60 71 3 6 11 52 59
2 10 3 137 136 3 2 10 90 95 3 7 0 79 88
2 10 4 91 91 3 2 12 25 27 3 7 1 25 23
2 10 5 61 65 3 2 13 36 38 3 7 2 62 66
2 10 6 59 60 3 2 14 15 17 3 7 3 113 121
2 10 7 25 22 3 2 16 28 23 3 7 4 71 69
2 10 8 23 28 3 3 5 205 216 3 7 5 79 77
2 10 9 21 17 3 3 6 56 50 3 7 6 55 51
2 10 10 21 23 3 3 7 45 47 3 7 7 90 89
2 11 0 35 33 3 3 8 39 38 3 7 8 55 57
2 11 1 33 35 3 3 9 92 92 3 7 9 29 31
2 11 2 98 99 3 3 10 29 24 3 7 10 17 20
2 11 3 28 31 3 3 11 49 47 3 7 11 31 32
2 11 4 35 34 3 3 13 34 36 3 7 12 59 59
2 11 6 71 72 3 3 14 32 36 3 7 13 44 42
2 11 8 37 37 3 3 15 18 19 3 8 0 138 128
2 11 9 32 28 3 3 16 18 17 3 8 1 81 82
2 11 10 16 19 3 4 4 153 150 3 8 2 18 10
2 12 0 45 49 3 4 5 197 202 3 8 3 187 186
2 12 1 20 17 3 4 6 125 125 3 8 4 118 109
2 12 2 37 35 3 4 7 27 32 3 8 5 28 22
2 12 3 17 17 3 4 9 78 78 3 8 6 49 52
3 8 7 26 25 4 0 8 114 114 4 4 13 39 35
3 8 8 20 19 4 0 9 66 64 4 5 0 27 21
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Table 
H K
A2.10. oont’d... 
L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
3 8 10 25 33 4 0 11 30 34 4 5 1 121 118
3 8 13 39 36 4 0 15 51 49 4 5 2 108 107
3 9 0 86 88 4 1 4 114 116 4 5 3 112 114
3 9 1 83 82 4 1 5 174 180 4 5 4 140 138
3 9 2 113 113 4 1 6 94 98 4 5 5 33 31
3 9 3 81 82 4 1 7 56 54 4 5 6 43 44
3 9 4 79 78 4 1 8 76 72 4 5 7 128 139
3 9 5 47 46 4 1 9 84 82 4 5 8 60 64
3 9 6 17 14 4 1 11 29 31 4 5 9 24 24
3 9 7 43 45 4 1 12 47 48 4 5 11 53 55
3 9 9 23 23 4 1 13 36 37 4 5 13 25 25
3 9 10 38 37 4 1 14 26 27 4 5 14 44 44
3 9 11 18 19 4 1 15 39 37 4 6 0 41 41
3 9 12 24 19 4 2 4 23 18 4 6 1 123 131
3 10 0 117 112 4 2 5 113 119 4 6 2 233 230
3 10 1 72 69 4 2 6 67 73 4 6 3 210 218
3 10 2 63 65 4 2 7 119 125 4 6 4 29 31
3 10 3 124 119 4 2 8 75 77 4 6 5 101 99
3 10 4 57 59 4 2 9 62 60 4 6 6 63 64
3 10 5 77 77 4 2 10 77 82 4 6 7 106 107
3 10 6 31 24 4 2 11 22 19 4 6 9 17 21
3 10 7 37 33 4 2 12 27 26 4 6 10 23 26
3 10 8 17 12 4 2 13 26 24 4 6 14 25 25
3 10 11 23 22 4 2 14 25 24 4 7 0 118 117
3 11 0 68 69 4 2 15 15 13 4 7 1 98 97
3 11 1 87 81 4 3 2 99 113 4 7 2 74 76
3 11 2 34 37 4 3 3 40 40 4 7 3 71 69
3 11 3 55 54 4 3 4 59 62 4 7 4 147 151
3 11 4 27 28 4 3 5 141 144 4 7 5 71 72
3 11 5 44 43 4 3 6 48 48 4 7 6 53 64
3 11 6 53 55 4 3 7 113 115 4 7 7 15 14
3 11 7 43 43 4 3 8 67 70 4 7 8 53 52
3 11 8 16 15 4 3 9 38 38 4 7 9 31 26
3 11 9 23 17 4 3 10 90 90 4 7 11 35 35
3 12 0 110 104 4 3 11 79 86 4 7 12 23 20
3 12 1 62 61 4 3 12 50 51 4 8 0 261 266
3 12 2 30 34 4 3 13 56 57 4 8 1 60 63
3 12 3 23 21 4 3 14 22 22 4 8 2 46 42
3 12 4 45 46 4 4 0 43 45 4 8 3 46 46
3 12 6 27 29 4 4 1 213 213 4 8 4 87 88
3 12 7 31 31 4 4 2 153 157 4 8 5 63 62
3 13 0 16 19 4 4 3 108 108 4 8 6 73 77
3 13 1 30 30 4 4 4 103 105 4 8 7 25 27
3 13 2 41 39 4 4 5 98 99 4 8 8 15 13
3 13 3 38 39 4 4 6 44 48 4 8 9 38 46
4 0 5 151 154 4 4 8 23 22 4 8 10 32 33
4 0 6 29 32 4 4 9 83 84 4 8 11 15 15
4 0 7 124 129 4 4 11 47 48 4 9 0 142 142
4 9 1 138 140 5 1 8 65 69 5 5 2 82 79
4 9 2 64 69 5 1 9 130 127 5 5 3 67 71
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Table A2.10. oont’d. 
H K L Fobs Fcalc H K L Fobs
41 45 5 1 10 43
62 62 5 1 11 56
48 44 5 1 12 38
41 36 5 1 13 59
29 31 5 1 14 36
19 17 5 2 1 122
27 24 5 2 2 77
65 68 5 2 3 104
33 37 5 2 4 67
107 107 5 2 5 24
24 28 5 2 6 76
40 35 5 2 7 66
18 22 5 2 8 28
18 17 5 2 9 77
24 28 5 2 10 69
27 32 5 2 11 59
70 70 5 2 12 52
57 56 5 2 13 38
23 23 5 3 1 23
22 23 5 3 2 101
26 25 5 3 3 50
44 44 5 3 4 64
48 48 5 3 5 44
58 55 5 3 6 68
45 49 5 3 7 159
25 20 5 3 8 83
22 28 5 3 9 156
174 170 5 3 10 26
86 90 5 3 11 55
103 105 5 3 12 102
163 165 5 3 13 34
102 106 5 4 0 113
39 29 5 4 1 63
30 29 5 4 2 89
46 49 5 4 3 68
53 55 5 4 4 50
16 10 5 4 5 74
17 17 5 4 6 144
45 57 5 4 7 81
39 43 5 4 8 33
150 139 5 4 9 71
83 88 5 4 10 111
46 54 5 4 11 34
70 62 5 4 12 23
170 178 5 4 13 26
70 70 5 4 14 36
140 148 5 5 0 22
66 64 5 5 1 112
29 25 6 2 8 81
29 30 6 2 9 34
H K Fobs Fcalc
4 53
5 175
6 133
7 80
8 61
9 102
10 25
11 33
12 41
0 33
12 28 
13 18
0 49
10 18 
11 34
10 19
11 23
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Table A2.10. oont’d... 
H K L Fobs Fcalc
5 9 9 18 18
5 9 10 25 22
5 10 0 50 49
6 1
10 30
11 38
13 26 
0 41
10 89
11 29
12 22
13 41 
0 119
H K L Fobs Fcaic H
6 2 10 31 27
6 2 11 32 26
6 2 12 48 48
6 2 13 18 21
6 3 0 30 30
10 100
11 25
12 42
13 28
0 67
10 56 
12 50 
0 62
10 51 
0 51
K L
6 7 4
6 7 5
6 7 6
6 7 7
6 7 8
6 7 9
6 7 10
6 8 0
6 8 1
6 8 2
6 8 3
6 8 4
6 8 5
6 8 8
6 9 1
6 9 2
6 9 3
6 9 6
6 10 0
6 10 1
6 10 2
6 10 3
7 0 1
7 0 2
7 0 3
7 0 4
7 0 5
7 0 6
7 0 7
7 0 9
7 0 12
7 1 0
7 1 1
7 1 2
7 1 3
7 1 4
7 1 5
7 1 6
7 1 7
7 1 8
7 1 9
7 1 10
7 1 11
7 1 12
7 2 1
7 2 2
7 2 3
7 2 4
8 4 8
8 5 1
Fobs Fcalc
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Table A2.10. cont’d...
H K L Fobs Fcalc H K
7 2 7 32 29 7 8
7 2 9 41 44 7 8
7 2 10 25 22 7 8
7 2 11 27 26 7 8
7 3 0 33 33 7 8
7 3 1 206 217 7 8
7 3 2 25 28 7 8
7 3 3 48 45 7 9
7 3 4 58 57 7 9
7 3 5 42 41 7 9
7 3 6 60 57 8 0
7 3 7 24 22 8 0
7 3 8 19 23 8 0
7 3 9 33 28 8 0
7 3 10 34 34 8 0
7 4 0 105 109 8 1
7 4 1 133 128 8 1
7 4 2 70 69 8 1
7 4 3 56 65 8 1
7 4 4 97 90 8 1
7 4 5 40 36 8 1
7 4 6 21 19 8 1
7 4 7 18 16 8 1
7 4 8 17 15 8 1
7 4 9 28 33 8 2
7 4 10 20 21 8 2
7 4 11 18 20 8 2
7 5 1 64 67 8 2
7 5 2 99 100 8 2
7 5 3 50 56 8 2
7 5 4 90 93 8 2
7 5 5 56 53 8 2
7 5 8 38 35 8 3
7 5 9 18 19 8 3
7 6 1 41 41 8 3
7 6 2 54 56 8 3
7 6 3 62 64 8 3
7 6 4 42 39 8 3
7 6 5 47 41 8 3
7 6 6 69 70 8 3
7 6 7 39 34 8 4
7 6 8 32 31 8 4
7 6 9 15 15 8 4
7 7 0 17 14 8 4
7 7 2 26 24 8 4
7 7 4 77 79 8 4
7 7 5 16 17 8 4
7 7 6 18 17 8 4
Fobs Fcalc H K Fobs Fcalc
37 38
35 35
70 63
34 33
43 43
32 36
22 21
16 16
27 31
17 16
52 54
37 34
27 34
22 19
37 34
26 29
26 29
30 31
56 56
33 34
63 61
40 38
41 35
68 64
34 29
59 53
23 18
61 58
17 16
29 28
23 23
32 29
35 32
48 40
32 29
24 25
40 36
17 19
32 31
30 31
21 21
22 16
27 25
31 28
19 19
17 13
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APPENDIX 3 X-ray Crystal Data fo r 5-Ethylam lno-4-m ethyl-1,2- 
benzoqu i none-2-oxime.
Table A3.1. Positional Parameters and th e ir Estimated Standard 
Deviations fo r 5-Ethylamino-4-methyl-1,2-bonzoquinone-2-oxime.
Atom X y z B(A2)
01 0.5692(5) 0.0114(1) 0.7776(1) 6.03(5)
02 0.2943(5) 0.1361(1) 0.8192(1) 4.67(4)
N1 0.4724(6) 0.0208(1) 0.6733(2) 4.58(5)
N7 -0.2307(5) 0.2769(1) 0.5347(1) 3.44(4)
Cl 0.3001(6) 0.0832(1) 0.6480(2) 3.38(4)
C2 0.1987(6) 0.1432(1) 0.7217(2) 3.45(5)
C3 0.0101(6) 0.2049(1) 0.6809(2) 3.36(4)
C4 -0.0662(5) 0.2142(1) 0.5732(2) 2.98(4)
C5 0.0339(6) 0.1551(1) 0.4993(2) 3.10(4)
C6 0.2051 (6) 0.0933(1) 0.5374(2) 3.36(4)
C8 -0.3453(6) 0.3392(1) 0.6017(2) 3.79(5)
C9 -0.5188(7) 0.4024(2) 0.5378(2) 4.99(6)
C10 -0.0624(7) 0.1640(4) 0.3838(2) 4.14(5)
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Table A3.2. Table o f Bond Distances in Angstroms fo r 5-Ethylam ino-4- 
methy 1-1,2-benzoquinone-2-oxlme.
Atom 1 Atom 2 Distance Atom 1 Atom 2
Distance
01 N1 1.367(3) C5 C6
1.335(3)
01 HOI 0.990(3) C5 CIO
1.503(3)
02 C2 1.281(3) C6 HC6
0.970(2)
N1 Cl 1.304(3) C8 C9
1.496(3)
N7 C4 1.337(3) C8 HC8A
1.050(2)
N7 C8 1.469(3) C8 HC8B
1.010(3)
N7 HN7 1.040(3) C9 HC9A
0.990(3)
Cl C2 1.476(3) C9 HC9B
0.970(3)
Cl C6 1.444(3) C9 HC9C
1.050(3)
C2 C3 1.381(3) CIO HC10A
0.950(3)
C3 C4 1.394(3) CIO HC10B
1.020(2)
C3 HC3 0.910(2) CIO HC10C
1.000(3)
C4 C5 1.467(3)
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Table A3.3. Table o f Bond Angles In Degrees fo r 5-Ethylam lno-4-m ethyl-
1,2-benzoqulnone-2-oxlme.
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
N1 01 HOI 105.0(2) 01 06 H06 122.0(1)
01 N1 01 116.3(2) 05 06 H06 116.0(1)
C4 N7 08 122.8(1) N7 08 09 111.4(2)
C4 N7 HN7 122.0(2) N7 08 H08A 108.0(1)
C8 N7 HN7 115.0(2) N7 08 H08B 109.0(1)
N1 01 02 125.9(2) 09 08 H08A 109.0(1)
N1 01 06 115.7(2) 09 08 H08B 107.0(1)
C2 01 06 118.4(2) H08A 08 H08B 112.0(2)
02 02 01 118.5(2) 08 09 H09A 109.0(2)
02 02 03 123.6(2) 08 09 H09B 112.1(2)
01 02 03 117.9(1) 08 09 H090 106.0(2)
02 03 04 122.0(2) H09A 09 H09B 111.0(2)
02 03 H03 118.0(1) H09A 09 H090 109.0(2)
04 03 HC3 120.0(1) H09B 09 H090 109.0(2)
N7 04 03 121.2(1) 05 010 H010A 109.0(2)
N7 04 05 118.3(2) 05 010 HOI OB 111.0(1)
03 04 05 120.4(2) 05 010 H0100 106.0(2)
04 05 06 118.5(2) H010A 010 HOI OB 106.0(2)
04 05 010 120.0(2) H010A 010 H0100 117.0(2)
06 05 010 121.6(2) HOI OB 010 H0100 109.0(2)
01 06 05 122.7(2)
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Table A3.4. Table o f General Displacement Parameters Expressions -  
to r 5 -E thylamlno-4-methy 1-1,2-benzoquinone-2-oxime.
Name B(1,1) B(2,2) B(3,3) B(1,2) B(1,3) B(2,3) Beq
01 8.40(1) 5.02(8) 4.46(8) 1.64(9) -0.72(8) 1.22(7) 6.0
02 6.55(9) 4.60(8) 2.77(6) 0.20(8) -0.12(6) 0.38(6) 4.6
N1 5.80(1) 3.62(8) 4.22(9) 0.71(8) -0.06(1) 0.60(1) 4.5
N7 4.66(9) 2.67(7) 3.00(7) 0.28(7) 0.42(7) -0.19(6) 3.4
01 4.00(1) 2.85(8) 3.30(8) -0.19(8) 0.24(8) 0.20(8) 3.3
02 4.20(1) 3.42(9) 2.74(8) -0.51(9) 0.42(8) 0.14(8) 3.4
03 4.40(1) 3.06(8) 2.66(8) -0.12(8) 0.55(7) -0.30(7) 3.3
04 3.51(9) 2.61(8) 2.82(8) -0.31(7) 0.36(7) -0.11(7) 2.9
05 3.81(9) 2.90(8) 2.63(7) -0.31(8) 0.51(7) -0.20(1) 3.1
06 4.10(1) 2.97(8) 3.07(8) -0.10(8) 0.56(8) -0.29(7) 3.3
08 4.90(1) 2.90(9) 3.59(9) 0.20(9) 0.77(8) -0.44(8) 3.7
09 6.40(1) 3.60(1) 5.10(1) 1.20(1) 1.20(1) 0.30(1) 4.9
010 5.80(1) 4.00(1) 2.62(8) 0.40(1) 0.26(9) -0.19(8) 4.1
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Table A3.5. Table o f Refined Displacement Parameter Expressions -  Beta% 
fo r 5-Ethylamlno-4-methyl-1,2-benzoqulnone-2-oxlme.
Name B(1,1) B(2,2) B(3,3) B(1,2) B(1,3) B(2,3)
01 0.1270(2) 0.00430(7) 0.0069(1) 0.0118(6) -0.0069(8) 0.0028(2)
02 0.0090(1) 0.00393(6) 0.00426(9) 0.0015(6) -0.0012(6) 0.0009(1)
N1 0.0880(2) 0.00310(7) 0.0065(1) 0.0051(6) -0.0006(8) 0.0014(2)
N7 0.0700(1) 0.00228(6) 0.0046(1) 0.0020(5) 0.0040(6) -0.0004(1)
01 0.0600(1) 0.00244(7) 0.0051(1) -0.0014(6) 0.0023(8) 0.0005(2)
02 0.0640(2) 0.00293(8) 0.0042(1) -0.0036(6) 0.0041(7) 0.0003(3)
03 0.0660(2) 0.00262(7) 0.0041(1) -0.0008(6) 0.0053(7) -0.0007(2)
04 0.0530(1) 0.00223(7) 0.0043(1) -0.0022(5) 0.0034(7) -0.0003(2)
05 0.0580(1) 0.00248(7) 0.0041(1) -0.0022(6) 0.0049(7) -0.0005(2)
06 0.0620(1) 0.00254(7) 0.0047(1) -0.0007(6) 0.0054(7) -0.0007(2)
08 0.0750(2) 0.00248(7) 0.0055(1) 0.0014(6) 0.0074(8) -0.0010(4)
09 0.0960(2) 0.00311(9) 0.0078(2) 0.0088(7) 0.0110(1) 0.0007(2)
010 0.0880(2) 0.00340(9) 0.0040(1) 0.0027(7) 0.0025(8) -0.0004(26)
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Table A3.6. Table o f General Displacement Parameters Expressions -  U Is 
fo r 5-Ethylamino-4-methyl-1,2-bonzoquinone-2-oxime.
Name U(1,1) U(2,2) U(3,3) U(1,2) U(1,3) U(2,3)
01 0.106(1) 0.064(1) 0.056(1) 0.021(1) -0.009(1) 0.0154(9)
02 0.083(1) 0.058(1) 0.0351(8) 0.003(1) -0.0016(8) 0.0048(8)
N1 0.073(1) 0.046(1) 0.053(1) 0.009(1) -0.001(1) 0.008(1)
N7 0.059(1) 0.0338(9) 0.0380(9) 0.0035(9) 0.0053(8) -0.0025(8)
01 0.050(1) 0.036(1) 0.042(1) -0.002(1) 0.003(1) 0.003(1)
02 0.053(1) 0.043(1) 0.035(1) -0.006(1) 0.005(1) 0.002(1)
03 0.056(1) 0.039(1) 0.034(1) -0.001(1) 0.0069(9) -0.0038(9)
04 0.045(1) 0.033(1) 0.036(1) -0.0039(9) 0.0045(9) -0.0015(9)
05 0.048(1) 0.037(2) 0.0333(9) -0.004(1) 0.0064(9) -0.0026(9)
06 0.052(1) 0.038(2) 0.039(1) -0.001(1) 0.007(1) -0.004(1)
08 0.063(1) 0.037(2) 0.045(1) 0.003(1) 0.010(1) -0.006(1)
09 0.081(2) 0.046(3) 0.064(1) 0.016(1) 0.015(1) 0.004(1)
010 0.074(2) 0.050(3) 0.033(1) 0.005(1) 0.003(1) -0.002(1)
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Table A3.7. Table o f Root-mean-square Amplitudes o f Anisotropic 
Displacement In Angstroms fo r 5-E thylam lno-4-m ethyM ,2“ ben2oquinone“ 2- 
oxime.
Atom Min 1 n t’med Max
01 0.191 0.274 0.343
02 0.183 0.243 0.291
N1 0.196 0.241 0.278
N7 0.179 0.198 0.244
01 0.187 0.206 0.226
02 0.183 0.203 0.238
03 0.177 0.201 0.237
04 0.178 0.189 0.214
05 0.178 0.190 0.224
06 0.185 0.202 0.229
08 0.182 0.217 0.252
09 0.200 0.245 0.299
010 0.181 0.223 0.273
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Table A3.8. Table o f Positional Parameters and th e ir Estimated Standard 
Deviations fo r 5-Ethylam ino-4-m ethyl“ 1,2-benzoquinone-2“Oxlme,
Atom X y z B(A2)
H01 0.481(7) 0.057(2) 0.813(2) 5.4(8)
HN7 -0.270(7) 0.287(2) 0.455(2) 3.8(7)
HC3 -0.049(6) 0.242(1) 0.727(2) 2.1(5)
HC6 0.255(6) 0.054(1) 0.486(2) 2.5(6)
HC8A -0.139(6) 0.363(1) 0.645(2) 2.9(5)
HC8B -0.508(8) 0.317(1) 0.648(2) 2.8(6)
HC9A -0.360(7) 0.430(2) 0.497(2) 4.6(7)
HC9B -0.700(7) 0.382(2) 0.492(2) 3.8(7)
HC9C -0.610(7) 0.442(2) 0.592(2) 4.9(8)
HC10A 0.009(6) 0.214(2) 0.362(2) 3.4(6)
HC10B -0.311 (6) 0.164(2) 0.369(2) 3.2(6)
HC10C 0.026(7) 0.117(2) 0.349(2) 4.9(8)
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Table A3.9. Table o f Torsion Angles in Degrees to r 
5“ Ethy lami no-4-meth y 1-1,2-benzoqu I none-2-oxlme.
Atom 1 Atom 2 Atom 3 Atom 4 Angle
HOI 01 N1 01 -0.05 (1.87)
01 N1 01 02 -0.78 (0.35)
01 N1 01 06 178.77 (0.20)
08 N7 04 03 -0.78 (0.33)
08 N7 04 05 179.34 (0.20)
HN7 N7 04 03 174.25 (1.77)
HN7 N7 04 05 -5.62 (1.78)
04 N7 08 09 179.42 (0.21)
HN7 N7 08 09 4.09 (1.68)
N1 01 02 02 2.43 (0.36)
N1 01 02 03 -178.69 (0.23)
06 01 02 02 -177.11 (0.21)
06 01 02 03 1.76 (0.32)
N1 01 06 05 -178.66 (0.23)
N1 01 06 H06 3.93 (1.69)
02 01 06 05 0.93 (0.34)
02 01 06 H06 -176.47 (1.67)
02 02 03 04 174.47 (0.22)
01 02 03 04 -4.34 (0.34)
02 03 04 N7 -175.57 (0.21)
02 03 04 05 4.30 (0.34)
N7 04 05 06 178.42 (0.21)
N7 04 05 010 -2.78 (0.31)
03 04 05 06 -1.46 (0.32)
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Table A3.9 oont’d...
C3 C4 C5 C10 177.34
C4 C5 C6 C1 -1.08
C4 C5 C6 HC6 176.47
CIO C5 C6 C1 -179.86
CIO C5 C6 HC6 -2.31
C4 C5 C10 HC10A 54.46
C4 C5 C10 HC10C -178.67
C6 C5 CIO HC10A -126.78
C6 C5 C10 HC10C 0.09
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Table A3.10. Values o f 10*Fobs and 10*F calc For 5-Ethylam lno-4-m ethyl- 
benzoquinone-2-oxime.
H K L Fobs Fcalc
2 48 73
4 133 149
6 334 333
8 115 110
10 35 35
14 74 70
1 195 211
3 111 114
4 332 335
5 28 27
6 336 326
7 248 228
8 62 61
9 64 60
10 40 38
11 15 2
12 34 35
13 40 34
14 49 50
15 16 18
0 200 221
1 469 489
2 470 467
3 527 515
4 134 130
5 72 72
6 69 76
7 335 317
8 25 24
9 111 105
10 57 61
11 93 96
14 28 29
15 20 20
1 75 86
2 24 28
3 82 77
4 115 104
5 96 90
6 112 104
7 131 128
8 103 95
9 283 271
10 120 112
11 101 93
12 61 62
13 90 91
14 22 15
L Fobs Fcalc H K
10 79
11 83 
14 18
10 101
11 191
12 66
13 19
14 40
15 44
0 344
10 216
11 67
12 67
L Fobs Fcalc
12 37 41
13 15 12
0 208 215
1 31 38
2 221 230
3 337 347
4 208 211
5 119 117
6 21 25
7 183 186
8 53 51
9 30 26
11 27 27
1 111 110
2 221 223
3 182 176
4 23 23
5 184 180
6 93 97
7 59 56
8 119 116
9 122 122
10 34 35
11 84 86
12 28 27
13 23 22
14 24 24
14 24 24
0 91 87
1 305 296
2 38 36
3 64 61
4 42 52
5 54 63
7 42 42
8 121 121
9 160 164
10 128 137
12 32 28
13 27 27
1 113 107
2 105 102
3 51 55
4 22 17
5 24 24
6 45 41
7 121 122
8 110 111
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Table A3.10. oont’d.
H K L Fobs Fcalc H K L Fobs Fcaic H K L Fobs Fcaic
0 3 15 61 58 0 7 10 167 171 0 11 9 112 121
0 4 0 337 343 0 7 11 67 66 0 11 10 73 78
0 11 12 60 56 0 17 3 31 31 1 1 3 77 84
0 11 13 82 79 0 17 4 86 89 1 1 4 32 30
0 12 0 103 102 0 17 5 66 68 1 1 5 201 204
0 12 1 44 43 0 17 6 94 95 1 1 6 83 84
0 12 2 68 63 0 17 7 14 7 1 1 7 103 106
0 12 3 53 51 0 18 2 104 109 1 1 8 80 87
0 12 4 26 28 0 18 3 14 11 1 1 10 95 93
0 12 6 44 36 0 18 5 19 21 1 1 11 123 137
0 12 7 46 42 0 18 6 68 71 1 1 12 31 32
0 12 8 175 176 0 18 7 23 26 1 1 13 63 63
0 12 9 27 32 0 19 1 19 22 1 1 14 32 32
0 12 10 13 13 0 19 2 16 19 1 2 -14 46 46
0 12 11 38 36 0 19 3 24 24 1 2 -13 21 24
0 12 12 41 39 0 19 4 24 28 1 2 -12 26 27
0 13 1 30 26 0 19 5 22 26 1 2 -11 99 97
0 13 2 38 36 0 19 6 24 27 1 2 -10 28 27
0 13 3 16 14 0 20 0 19 21 1 2 -9 204 204
0 13 4 30 25 0 20 1 25 29 1 2 -8 64 59
0 13 7 73 76 0 20 3 25 24 1 2 -7 40 41
0 13 8 137 130 0 20 4 45 45 1 2 -6 69 79
0 13 9 40 40 1 0 -15 37 31 1 2 -5 36 35
0 13 10 32 33 1 0 -13 24 19 1 2 -3 444 443
0 13 11 16 16 1 0 -11 16 8 1 2 -2 227 226
0 13 12 41 41 1 0 -9 142 151 1 2 -1 379 378
0 14 0 236 222 1 0 -7 41 41 1 2 0 758 752
0 14 2 55 54 1 0 -5 53 59 1 2 1 421 427
0 14 3 99 96 1 0 -3 272 274 1 2 2 33 42
0 14 4 42 39 1 0 -1 649 633 1 2 3 177 190
0 14 5 20 19 1 0 1 98 108 1 2 4 104 108
0 14 6 12 10 1 0 3 50 55 1 2 5 102 97
0 14 7 24 26 1 0 5 418 419 1 2 6 371 376
0 14 8 37 37 1 0 7 265 270 1 2 7 188 191
0 14 9 31 35 1 0 9 138 142 1 2 8 82 75
0 14 11 59 59 1 0 11 30 40 1 2 9 72 68
0 15 2 153 149 1 0 13 31 39 1 2 10 41 46
0 15 3 26 30 1 1 -14 16 16 1 2 11 86 97
0 15 4 49 46 1 1 -13 76 78 1 2 14 17 18
0 15 5 31 27 1 1 -12 75 75 1 3 -15 42 42
0 15 6 51 53 1 1 -10 166 172 1 3 -14 14 15
0 15 7 39 44 1 1 -9 140 144 1 3 -13 21 24
0 15 8 63 63 1 1 -8 75 80 1 3 -12 34 39
0 15 10 15 17 1 1 -7 68 74 1 3 -13 167 162
0 16 0 254 252 1 1 -6 28 29 1 3 -10 231 235
0 16 1 221 218 1 1 -5 41 33 1 3 -9 83 76
0 16 2 161 161 1 1 -4 64 64 1 3 -8 21 17
0 16 4 16 14 1 1 -3 183 177 1 3 -7 153 154
0 16 5 25 25 1 1 -2 814 803 1 3 -5 102 101
0 16 7 59 60 1 1 -1 281 273 1 3 —4 254 255
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Table A3.10. oont*d... 
H K L Fobs Fcaic H K Fobs Fcaic
0 17 1 94
0 17 2 42
1 3 -1 777
1 3 0 942
1 3 1 97
1 3 2 163
1 3 3 96
1 3 4 177
1 3 5 49
1 3 6 103
1 3 7 112
1 3 8 82
1 3 9 23
1 3 10 37
1 3 11 93
1 3 12 26
1 4 -14 51
1 4 -13 18
1 4 -11 104
1 4 -10 231
1 4 -9 65
1 4 -8 21
1 4 -7 373
1 4 -6 59
1 4 -5 206
1 4 -4 289
1 4 -3 111
1 4 -2 218
1 4 -1 414
1 4 0 51
1 4 1 437
1 4 2 96
1 4 4 40
1 4 5 81
1 4 6 30
1 4 8 21
1 4 9 52
1 4 10 75
1 4 11 45
1 5 -15 18
1 5 -15 18
-13 58 
-12 116 
-11 61 
-10 62
10 46
11 100
13 17
14 17 
-13 13 
-11 26
10 86
11 50
12 47 
14 26
-14 47 
-13 20 
-12 70 
-11 52
-10 90 
-9  31
-8  45
K L Fobs
3 -3 325
3 -2 22
7 -5 64
7 -4 26
2 -2 130
7 -1 63
7 0 252
7 1 258
7 2 246
7 3 17
7 4 38
7 5 152
7 6 68
7 8 398
7 12 28
7 13 13
8 -13 56
8 -12 113
8 -11 37
8 -10 48
8 -8 61
8 -7 14
8 -6 15
8 -4 17
8 -3 61
8 -1 41
8 0 73
8 1 98
8 2 325
8 3 54
8 4 115
8 5 54
8 6 106
8 7 86
8 8 106
8 9 126
8 10 159
8 11 55
8 12 40
9 -13 94
9 -11 30
9 -10 29
9 -8 22
9 —6 127
9 -5 30
9 -4 14
9 -3 81
9 -1 45
9 0 118
9 1 304
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Table A3.10. oont’d... 
H K L Fobs Fcalc
1 10 6 
1 10 7
1 10 8 
1 10 9
1 11
11 8  
11 10 
11 11
K L Fobs Fcaic
7 -•7 123 120
7 -•6 58 66
12 -■11 48 48
12 --10 81 83
12 -•9 179 181
12 --8 21 15
12 --7 81 88
12 --4 117 117
12 --3 159 150
12 --2 74 74
12 ■-1 59 58
12 0 174 166
12 1 50 48
12 2 16 12
12 3 28 23
12 4 25 20
12 6 19 20
12 9 22 22
12 10 41 42
12 11 16 19
13 -10 120 112
13 -9 113 116
13 -8 62 64
13 -7 45 47
13 -5 85 85
13 -4 29 32
13 -3 65 66
13 -2 201 202
13 -1 291 281
13 0 44 41
13 1 61 57
13 2 18 19
13 3 51 47
13 4 26 25
13 5 70 65
13 6 25 23
13 7 26 30
13 8 26 26
13 9 58 55
14 -11 16 15
14 -10 83 82
14 -9 42 43
14 -8 49 47
14 -7 63 58
14 -6 22 27
14 -4 84 87
14 -3 91 90
14 -2 158 153
14 -1 167 163
H K L Fobs
1 9 2 115
1 9 3 117
1 14 1 37
1 14 2 48
1 14 3 66
1 14 4 72
1 14 5 135
1 14 8 21
1 14 9 16
1 15 •-9 34
1 15 •-8 104
1 15 ■-4 54
1 15 -3 92
1 15 -2 149
1 15 -1 17
1 15 0 68
1 15 1 54
1 15 2 19
1 15 3 23
1 15 5 79
1 15 6 43
1 15 8 33
1 16 -9 59
1 16 -8 38
1 16 -9 20
1 16 -5 17
1 16 -3 21
1 16 -2 79
1 16 -1 35
1 16 0 62
1 16 1 44
1 16 2 30
1 16 3 72
1 16 4 36
1 16 6 77
1 16 8 47
1 17 -5 34
1 17 -4 37
1 17 -3 42
1 17 -2 58
1 17 -1 77
1 17 0 69
1 17 1 23
1 17 3 23
1 17 4 59
1 17 5 30
1 17 6 23
1 17 7 54
1 17 8 17
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Table A3.10. oont’d. 
H K
1 11
1 18
1 18 
1 18 
1 18 
1 18
1 18 
1 19 
1 19
1 19 
1 19 
1 19 
1 19 
1 20 
1 20 
1 20 
1 20
L Fobs Fcalc H
12 47 46 1
-6 33 37 2
-5 27 28 2
-4 16 10 2
-3 33 31 2
-2 47 50 2
-1 44 46 2
0 37 36 2
1 102 108 2
2 60 67 2
3 24 24 2
4 46 43 2
6 20 19 2
-5 33 36 2
-3 61 56 2
-2 33 34 2
-1 26 25 2
0 116 122 2
1 101 112 2
2 25 27 2
5 16 10 2
-3 20 18 2
-3 20 18 2
-3 20 18 2
-1 23 22 2
0 57 55 2
2 31 37 2
Fobs Fcalc H K Fobs Fcalc
-12 167 
-10 129 
-8  62 
-6  26 
-4  39 
-2  33 
0 79
8 36 
10 50 
-13 38 
-12 26 
-11 201 
-10 238 
-9  20 
-8  66 
-7  37 
-6  47 
-5  170 
-4  229 
-3  197 
-2  27
10 104
11 82 
12 16
-14 37 
-13 23 
-12 53 
-11 25
-10 62
11 22
12 30
13 13
-14 18
-13 40 
-12 62 
-11 111
-7 20
-2 162
-1 175
0 53
1 290
2 12
3 23
4 132
5 86
6 42
7 15
8 37
9 16
11 38
12 31
-13 24
-12 19
-10 16
-9 54
-8 47
-7 61
-6 86
-5 83
-4 56
-3 214
-2 538
-1 103
0 265
1 23
2 162
3 86
4 92
5 231
6 122
7 139
8 178
9 21
10 20
11 28
12 39
13 37
-14 37
-13 45
-12 15
-11 13
-10 33
-9 85
-8 93
-6 95
-4 18
-3 84
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Table A3.10. oont’d... 
H K L Fobs Fcalc
13 “ 7
K L Fobs Fcalc
7 8 83 78
7 9 28 34
7 11 69 71
8 --13 68 85
8 --11 15 21
8 --10 52 54
8 --9 85 89
8 --8 68 67
8 •-7 23 19
8 ■-6 20 16
8 ■-5 75 75
8 ■-3 31 33
8 *-2 20 17
8 --1 20 17
8 0 59 53
8 1 54 55
8 2 20 16
8 4 22 21
8 6 23 22
8 7 26 29
8 8 33 33
9 -13 16 19
9 -11 34 36
9 -10 35 36
9 -9 59 65
9 -8 44 51
9 -7 19 27
9 -5 46 52
9 -4 69 75
9 -3 55 55
9 -2 64 63
9 -1 13 12
9 0 56 49
9 2 24 26
9 3 24 30
9 4 34 35
9 5 19 20
9 6 90 84
9 7 37 36
9 8 135 128
9 9 112 115
9 10 28 25
10 -12 12 13
10 -9 26 31
10 -8 32 39
10 -6 19 31
10 -5 45 47
10 -3 135 140
10 -2 242 241
10 -1 48 52
17 -5 36 36
H K Fobs Fcalc
11 10 
11 11 
11 11 
11 11
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Table A2.10. oont’d.
H K L Fobs Fcaic H K L Fobs Fcalc H K L Fobs Fcaic
2 13 ■-6 49 50 2 17 -4 27 24 3 2 •-9 46 46
2 13 --5 20 17 2 17 -3 46 48 3 2 -8 37 37
2 13 --3 58 59 2 17 -2 32 25 3 2 -7 16 19
2 13 ■-2 92 92 2 17 2 29 29 3 2 -6 40 32
2 13 ■-1 50 47 2 17 4 19 18 3 2 -5 36 35
2 13 0 62 59 2 18 -5 84 83 3 2 -3 49 48
2 13 1 61 63 2 18 -4 18 22 3 2 -2 55 53
2 13 2 39 31 2 18 0 34 32 3 2 -1 92 90
2 13 3 141 141 2 18 2 37 36 3 2 0 159 153
2 13 4 23 24 2 19 -1 38 44 3 2 1 46 45
2 13 5 44 45 2 19 -1 38 44 3 2 2 26 24
2 13 7 44 42 2 19 0 19 26 3 2 4 28 30
2 13 8 23 19 2 19 0 19 26 3 2 5 16 9
2 14 -10 24 25 3 0 -13 58 62 3 2 7 15 11
2 14 -8 15 15 3 0 -11 127 126 3 2 8 72 74
2 14 -7 18 15 3 0 -9 105 103 3 2 9 71 73
2 14 -5 38 35 3 0 -7 85 80 3 2 10 14 7
2 14 -4 49 50 3 0 -5 127 119 3 3 -13 38 37
2 14 -3 126 128 3 0 -1 76 71 3 3 -13 38 37
2 14 -1 37 32 3 0 1 128 122 3 3 -12 75 79
2 14 0 34 37 3 0 3 61 65 3 3 -11 69 70
2 14 1 26 27 3 0 5 36 40 3 3 -8 38 35
2 14 2 42 39 3 0 7 41 41 3 3 -6 38 39
2 14 3 50 54 3 1 -13 55 60 3 3 -5 45 43
2 14 4 40 45 3 1 -12 42 41 3 3 -3 27 27
2 14 5 26 26 3 1 -11 54 54 3 3 -1 15 15
2 14 6 42 37 3 1 -10 31 34 3 3 0 128 125
2 14 9 48 44 3 1 -9 57 56 3 3 1 60 59
2 15 -9 88 83 3 1 -8 27 26 3 3 3 43 36
2 15 -8 37 36 3 1 -7 60 56 3 3 4 16 18
2 15 -7 44 43 3 1 -6 45 41 3 3 5 82 82
2 15 -5 23 17 3 1 -5 206 195 3 3 6 198 191
2 15 -4 74 73 3 1 -4 100 97 3 3 7 75 73
2 15 -3 21 24 3 1 -3 47 47 3 3 8 47 43
2 15 2 17 19 3 1 -2 53 48 3 3 9 16 15
2 15 4 37 39 3 1 -1 52 45 3 3 10 26 24
2 15 5 19 18 3 1 0 16 10 3 3 11 33 31
2 15 6 27 28 3 1 1 42 41 3 4 -11 17 23
2 15 7 26 26 3 1 2 24 17 3 4 -10 41 45
2 15 8 18 17 3 1 3 51 50 3 4 -8 13 8
2 16 -8 26 24 3 1 4 48 40 3 4 -5 36 34
2 16 -7 18 15 3 1 5 23 19 3 4 -4 40 36
2 16 -3 15 16 3 1 6 55 53 3 4 -3 24 22
2 16 -2 15 17 3 1 7 48 45 3 4 -2 19 16
2 16 -1 15 11 3 1 8 49 48 3 4 -1 26 30
2 16 0 18 11 3 1 9 74 76 3 4 0 26 23
2 16 5 25 17 3 2 -13 15 17 3 4 1 43 42
2 16 6 43 37 3 2 -12 67 68 3 4 2 37 30
2 17 -6 35 33 3 2 -12 101 99 3 4 3 15 16
3 4 5 75 74 3 8 -10 46 48 3 10 6 25 23
3 4 6 101 97 3 8 -9 32 31 3 10 7 50 53
3 4 7 154 146 3 8 -8 28 29 3 11 -9 30 30
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Table A3.10. cont’ d...
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
3 4 8 48 48 3 8 -7 17 14 3 11 -8 16 18
3 4 9 39 34 3 8 -6 43 41 3 11 -3 20 17
3 4 10 35 35 3 8 -5 29 30 3 11 -1 14 14
3 4 11 31 30 3 8 -4 15 12 3 11 2 29 32
3 5 “ 11 33 33 3 8 -3 125 125 3 11 3 88 89
3 5 -10 55 56 3 8 -2 265 267 3 11 4 38 41
3 5 “ 5 34 34 3 8 -1 95 95 3 11 5 20 26
3 5 -4 24 23 3 8 0 93 98 3 11 6 35 33
3 5 “ 3 19 20 3 8 1 16 11 3 11 8 51 50
3 5 “ 2 70 71 3 8 4 73 73 3 12 -6 19 18
3 5 3 61 60 3 8 5 21 22 3 12 -5 22 21
3 5 4 102 99 3 8 7 19 18 3 12 -2 23 24
3 5 7 66 61 3 8 8 25 18 3 12 -1 28 25
3 5 8 17 18 3 8 10 16 15 3 12 0 27 31
3 5 9 56 56 3 8 10 16 15 3 12 1 16 17
3 5 10 25 24 3 9 -11 15 14 3 12 3 36 39
3 6 -12 26 26 3 9 -10 19 19 3 12 4 30 31
3 6 -10 18 21 3 9 -9 50 49 3 12 7 48 45
3 6 -9 50 55 3 9 -8 58 59 3 13 -7 25 24
3 6 -5 73 72 3 9 -7 20 16 3 13 -6 19 21
3 6 -3 184 183 3 9 -6 53 54 3 13 -3 15 15
3 6 -2 154 154 3 9 -5 33 33 3 13 -2 20 25
3 6 -1 88 89 3 9 -4 134 130 3 13 -1 17 17
3 6 0 30 30 3 9 -3 49 50 3 13 1 45 44
3 6 1 80 78 3 9 -2 69 68 3 13 2 38 45
3 6 2 27 27 3 9 -1 125 123 3 13 3 20 25
3 6 3 56 53 3 9 0 29 30 3 13 6 67 64
3 6 4 51 44 3 9 2 53 48 3 14 -7 27 30
3 6 5 35 35 3 9 3 25 25 3 14 -2 19 20
3 6 6 87 85 3 9 4 66 66 3 14 0 41 38
3 6 9 29 29 3 9 5 81 78 3 14 1 63 65
3 7 -11 27 26 3 9 7 15 12 3 14 2 40 40
3 7 -10 13 8 3 9 8 14 12 3 14 5 15 12
3 7 -9 20 19 3 10 -10 21 22 3 15 -6 38 48
3 7 -8 64 66 3 10 -9 36 35 3 15 -5 73 79
3 7 -7 16 14 3 10 -8 51 53 3 15 -4 28 30
3 7 -6 59 59 3 10 -7 18 22 3 15 -2 17 13
3 7 -5 34 28 3 10 -6 21 29 3 15 0 21 22
3 7 -4 82 79 3 10 -4 134 131 3 15 3 25 29
3 7 -3 58 55 3 10 -3 155 153 3 15 4 35 35
3 7 -2 185 182 3 10 -2 21 14 3 16 -3 31 35
3 7 0 100 103 3 10 -1 57 58 3 16 0 15 10
3 7 2 53 56 3 10 0 64 58 3 16 2 45 48
3 7 3 35 30 3 10 1 44 47 4 0 -4 28 31
3 7 5 107 102 3 10 2 35 35 4 0 0 113 111
3 7 10 25 23 3 10 3 61 64 4 0 2 51 50
3 8 -11 27 28 3 10 5 45 48 4 0 4 45 46
4 0 6 131 133 4 5 -6 37 44 4 10 -3 41 49
4 0 8 52 51 4 5 -5 26 30 4 10 -1 35 41
4 1 -10 13 10 4 5 -4 29 29 4 10 0 26 31
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Table A3.10. oont’d.
H K L Fob!
4 1 -8 32
4 1 -6 32
4 1 -5 26
4 1 -4 26
4 1 -3 16
4 1 -2 30
4 1 -1 44
4 1 0 31
4 1 3 27
4 1 5 49
4 1 6 106
4 1 7 28
4 1 8 34
4 2 -10 27
4 2 -9 25
4 2 -8 22
4 2 -7 54
4 2 -6 34
4 2 -4 17
4 2 -3 21
4 2 -1 47
4 2 0 15
4 2 1 25
4 2 4 44
4 2 5 34
4 2 7 49
4 3 -9 20
4 3 -5 54
4 3 -4 52
4 3 -3 27
4 3 -2 21
4 3 -1 20
4 3 3 22
4 3 4 32
4 3 5 56
4 4 -9 35
4 4 -7 21
4 4 —6 42
4 4 -5 38
4 4 -4 22
4 4 -3 39
4 4 -1 30
4 4 3 25
4 4 4 26
4 4 5 19
4 4 6 30
4 5 -7 19
Fcalc H K L Fobs
29 4 5 -3 56
33 4 5 -2 60
31 4 5 0 17
26 4 5 1 15
14 4 5 2 12
24 4 5 6 23
46 4 6 -9 29
33 4 6 -8 16
22 4 6 -6 29
49 4 6 -5 54
103 4 6 -4 53
26 4 6 -3 19
32 4 6 -2 41
27 4 6 -1 28
25 4 6 1 23
21 4 6 3 39
57 4 6 4 40
38 4 6 6 21
9 4 7 -5 37
16 4 7 -4 83
51 4 7 -3 83
18 4 7 -2 29
27 4 7 -1 34
40 4 7 1 24
31 4 7 2 18
50 4 7 5 35
23 4 8 -7 12
60 4 8 -6 18
58 4 8 -5 33
25 4 8 -4 42
20 4 8 -3 47
20 4 8 -2 20
21 4 8 -1 26
30 4 8 1 43
57 4 8 2 30
36 4 8 3 104
20 4 8 4 34
43 4 9 -4 31
36 4 9 -3 77
22 4 9 -2 53
43 4 9 -1 51
29 4 9 1 24
23 4 9 2 23
23 4 9 3 17
19 4 9 4 17
34 4 10 -6 13
16 4 10 -4 50
 Fcalc H K Fobs Fcalc
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APPENDIX 4 X -ray Crystal Data fo r  5r-E thylam lno-^-niethyM ,2- 
benzoquinone-2-oxime Chloridrate Monohydrata.
Table A4.1. Positional Parameters and th e ir Estimated Standard 
Deviations to r 5-Ethyl«nlno^4-^nethyl-1,2-benzoquinone-2-oxime.
Atom X y z B(A2)
Cl 0.2415(1) 0.8739(1) 0.50318(9) 4.67(2)
01 0.2433(3) 0.6293(3) 1.2398(2) 4.62(6)
02 0.4024(3) 0.8239(3) 0.9503(2) 4.36(5)
03 0.5574(3) 0.9232(3) 0.7760(2) 4.77(6)
N1 0.2965(3) 0.7030(3) 1.1434(3) 3.62(6)
N7 0.2482(4) 0.2742(3) 0.6365(3) 4.14(6)
Cl 0.2785(4) 0.5941(4) 1.0231(3) 3.22(6)
C2 0.3373(4) 0.6599(3) 0.9141(3) 3.27(6)
C3 0.3239(4) 0.5547(4) 0.7860(3) 3.60(7)
C4 0.2560(4) 0.3789(4) 0.7578(3) 3.36(6)
C5 0.1955(4) 0.3102(4) 0.8651(3) 3.32(6)
C6 0.2092(4) 0.4149(4) 0.9914(3) 3.51(7)
C8 0.3104(5) 0.3129(5) 0.5175(4) 5.33(9)
C9 0.1556(7) 0.3408(6) 0.4051(5) 7.70(1)
CIO 0.1218(5) 0.1244(4) 0.8337(4) 4.44(8)
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T a b le  kAJZ, T a b le  o f  Bond D is tances in  A n g s tro m s  fo r  5 ^ E th y la m in o -4 -  
m e th y l-1  ^ b e n z o q u in o n e -2 -^ im e  C h lo r id ra te  M o n o h yd ra te .
Atom 1 Atom 2 Distance Atom 1 Atom 2 D iet
01 N1 1.363(4) C2 C3 1.356(4)
02 C2 1.326(3) C3 C4 1.425(4)
N1 Cl 1.302(4) C4 C5 1.461(5)
N7 C4 1.310(4) C5 C6 1.339(4)
N7 C8 1.468(5) C5 CIO 1.508(4)
Cl C2 1.458(5) C8 C9 1.480(6)
Cl C6 1.450(3)
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T a b le  A 4 3 . T a b le  o f  B ond A n g le s  in  D egrees fo r  5 -E th y la m in o ^ 4 ^^ n e th y l- 
1 ,2 -b e n zo q u in o n e -2 -a x im e  C h lo r id ra te  M o n o h y d ra te .
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Am
01 N1 Cl 112.1(2) N7 C4 C3 121.2(3)
C4 N7 C8 127.5(3) N7 C4 C5 118.2(3)
N1 Cl C2 116.3(3) C3 C4 C5 120.6(3)
N1 Cl C6 125.3(3) C4 C5 C6 118.7(3)
C2 Cl C6 11&4(3) C4 C5 CIO 120.2(3)
02 C2 Cl 115.6(2) C6 C5 CIO 121.1(3)
02 C2 C3 124.3(3) Cl C6 C5 121.9(3)
Cl C2 C3 120.0(2) N7 C8 C9 111.8(3)
C2 C3 C4 120.4(3)
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Table A 4 ^  Table o f General Displaoement Parameters Expressions -  
to r 5-Ethyl€«ilno^4^-methyM,2-benzoqulnone-2-oxime C hloridrate
Monohydrate.
Name B (2^) B (3^) B ( l^ ) B ( l^ ) B (2^) Beq
Cl 4.60(3) 4.46(3) 4.51(3) 0.46(3) 1.29(3) 0.24(3) 4.6
01 6.20(1) 4.05(8) 4.02(9) 0.60(9) 1.93(8) 1.28(7) 4.6
02 5.70(1) 2.92(8) 4.65(9) 0.46(8) 1.70(8) 1.17(7) 4.3
03 5.50(1) 3.85(9) 5.20(1) 0.39(8) 1.85(8) 1.34(8) 4-7
N1 3.80(1) 3.61(9) 3.80(1) 0.93(8) 1.09(8) 1.47(8) 3.6
N7 4.10(1) 4.10(1) 4.10(1) 0.01(9) 1.35(9) 0.63(9) 4.1
Cl 2.90(1) 3.20(1) 3.60(1) 1.06(9) 0.54(9) 1.16(9) 3.2
C2 3.00(1) 3.00(1) 3.90(1) 0.79(9) 0.67(9) 1.36(9) 3.2
C3 3.40(1) 3.60(1) 4.00(1) 0.70(1) 0.90(1) 1.30(1) 3.6
C4 2.60(1) 3.80(1) 3.60(1) 0.78(9) 0.65(9) 0.80(1) 3.3
C5 2.90(1) 3.10(1) 4.00(1) 0.68(9) 0.58(9) 1.18(9) 3.3
C6 3.50(1) 3.30(1) 3.90(1) 0.91(9) 0.80(1) 1.44(9) 3.5
C8 5.70(2) 5.50(2) 4.80(1) -0.70(1) 2.60(1) 0.50(1) 5.3
C9 7.80(2) 9.90(2) 7.80(2) 2.30(2) 3.00(2) 6.00(1) 7.7
CIO 5.10(2) 3.10(1) 5.10(8) 0.40(1) 1.20(1) 1.30(1) 4.4
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Table A 4^. Table o f Refined Displacement Parameter Expressions -  Beta% 
fo r 5-E thylam ino-^-inethyM ^benzoquinone-2-oxim e C hloridrate Mono­
hydrate.
Name B (2^) B (3^) B ( l^ ) B(1,3) B (2^)
Cl 0.0220(2) 0-0179(1) 0.0128(1) 0.0041(3) 0.0095(2) 0.0017(2)
01 0.0296(5) 0.0163(4) 0.0114(3) 0.0053(8) 0.0142(6) 0.0086(5)
02 0.0274(5) 0.0117(3) 0.0132(3) 0.0040(7) 0.0125(6) 0.0079(5)
03 0.0265(5) 0.0154(4) 0.0147(3) 0.0034(7) 0.0136(6) 0.0090(5)
N1 0.0182(5) 0.0145(4) 0.0107(3) 0.0081(7) 0.0080(6) 0.0099(5)
N7 0.0194(5) 0.0163(5) 0.0117(3) 0.0001(8) 0.0099(6) 0.0043(6)
Cl 0.0140(5) 0.0130(4) 0.0101(3) 0.0093(8) 0.0040(7) 0.0078(6)
C2 0.0144(5) 0.0121(4) 0.0111(3) 0.0069(8) 0.0049(7) 0.0092(6)
C3 0.0161(5) 0.0144(5) 0.0114(4) 0.0060(9) 0.0067(7) 0.0086(6)
C4 0.0126(5) 0.0153(5) 0.0101(3) 0.0069(8) 0.0048(7) 0.0056(7)
C5 0.0137(5) 0.0125(4) 0.0112(3) 0.0060(8) 0.0043(7) 0.0080(6)
C6 0.0167(6) 0.0133(4) 0.0111(3) 0.0080(8) 0.0058(7) 0.0097(6)
C8 0.0271(8) 0.0222(7) 0.0135(4) -0.0060(1) 0.0192(9) 0.0032(9)
C9 0.0380(1) 0.0396(9) 0.0219(2) 0.0200(2) 0.0220(1) 0.0405(9)
CIO 0.0244(7) 0.0125(5) 0.0144(4) 0.0040(1) 0.0089(9) 0.0087(7)
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Table A4*6. Table of General Displacement Parameters Expressions > U % 
fo r 5-Ethylamino-M^-methyM,2-benK)quinone-2-oxime C hloridrate Mono-
hydrate. 
Name U(1,1) U (2^) U (3^) U(1,2) U ( l^ ) U(2,3)
Cl 0.0582(4) 0.0565(4) 0.0572(4) 0.0059(4) 0.0163(4) 0.0031(4)
01 0.078(1) 0.051(1) 0.051(1) 0.008(1) 0.024(1) 0.0162(9)
02 0.073(1) 0.037(1) 0.059(8) 0.006(1) 0.022(1) 0.0148(9)
03 0.070(1) 0.049(1) 0.066(1) 0.005(1) 0.023(1) 0.017(1)
N1 0.048(1) 0.046(1) 0.048(1) 0.012(1) 0.014(1) 0.019(1)
N7 0.051(1) 0.052(1) 0.052(1) 0.000(1) 0.017(1) 0.008(1)
Cl 0.037(1) 0.041(1) 0.045(1) 0.013(1) 0.007(1) 0.015(1)
C2 0.038(1) 0.038(1) 0.050(1) 0.010(1) 0.008(1) 0.017(1)
C3 0.043(1) 0.045(1) 0.051(2) 0.009(1) 0.012(1) 0.016(1)
C4 0.033(1) 0.048(1) 0.045(1) 0.010(1) 0.008(1) 0.011(1)
C5 0.036(1) 0.039(1) 0.050(2) 0.009(1) 0.007(1) 0.015(1)
C6 0.044(1) 0.042(1) 0.050(2) 0.012(1) 0.010(1) 0.018(1)
C8 0.072(2) 0.070(2) 0.060(2) -0.009(2) 0.033(1) 0.006(1)
C9 0.099(3) 0.125(3) 0.098(2) 0.029(2) 0.039(1) 0.076(1)
CIO 0.065(2) 0.040(1) 0.064(2) 0.006(1) 0.015(1) 0.016(1)
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Table A4.7. Table o f Root-mean-square Amplitudes o f Anisotropic 
Displaoement in Angstroms fo r 5^Ethylamino-4^-methyM,2-benzoquinone-2- 
oxime Chloridrate Monohydrate.
Atom Hin Infm ed Max
Cl 0.219 0.241 0.267
01 0.206 0.230 0.282
02 0.188 0.238 0.271
03 0.214 0.250 0.271
N1 0.192 0.218 0.231
N7 0.211 0.222 0.252
Cl 0.167 0.214 0.221
C2 0.172 0.204 0.230
C3 0.199 0.211 0.230
C4 0.177 0.213 0.225
C5 0.179 0.201 0.231
C6 0.181 0.218 0.231
C8 0.206 0.241 0.319
C9 0.210 0.307 0.391
CIO 0.194 0.250 0.261
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T ab le  A 4 ^  T a b le  o f  P o e itio n a l P a ra m e te rs  a n d  th e ir  E s tim a ted  S ta n d a rd  
D e v ia tio n s  to r  5 -E th y la m in a -4 -m o th y M ,2 -b e n z o q u in o n e -2 -o x im e  
M o n o h yd ra te .
Atom X y z B(A2)
HOI 0.245(6) 0.725(5) 1.315(4) 6.0(1)
HN7 0.205(5) 0.162(5) 0.617(4) 4.0(1)
H02 0.447(5) 0.849(5) 0.872(4) 5.0(1)
H03A 0.601(6) 1.040(5) 0.805(4) 5.0(1)
H03B 0.484(6) 0.918(6) 0.677(5) 8.0(1)
H3 0.3604 0.5991 0.7139 5.0
H6 0.1721 0.3701 1.0631 5.0
H8A 0.3675 0.2219 0.4767 7.0
H8B 0.3998 0.4134 0.5518 7.0
H9C 0.0982 0.4317 0.4431 10.0
H9B 0.0660 0.2402 0.3680 10.0
H9A 0.1988 0.3661 0.3289 10.0
H10B 0.0150 0.0950 0.7531 6.0
H10A 0.0879 0.0991 0.9131 6.0
H10C 0.2134 0.0574 0.8126 6.0
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T a b le  A4.9. T a b le  o f  T o rs io n  A n g le s  in  D egrees fo r  5 -E th y la m ln o -4 ^  
m e th y M ,2 -b e n 2 o q u ln o n e -2 -o x im e  C h lo r id ra te  M o n o h yd ra te .
Atom 1 Atom 2 Atom 3 Atom 4 Angle
HOI 01 N1 Cl -171.11 (2.76)
H02 02 C2 Cl 174.75 (2.57)
H02 02 C? C3 -5.08 (2.60)
01 N1 Cl C2 -178.20 (0.25)
01 N1 Cl C6 0.40 (0.42)
C8 N7 C4 C3 2.70 (0.51)
C8 N7 C4 C5 -176.44 (0.31)
HN7 N7 C4 C3 -179.70 (2.86)
HN7 N7 C8 C5 1.17 (2.91)
C4 N7 C8 C9 -98.01 (0.42)
C4 N7 C8 H8A 140.88 (0.35)
C4 N7 C8 H8B 22.04 (0.53)
HN7 N7 C8 C9 84.16 (2.63)
HN7 N7 C8 H8A -36.95 (2.64)
HN7 N7 C8 H8B 155.79 (2.62)
N1 Cl C2 02 -0.11 (0.41)
N1 Cl C2 C3 179.73 (0.30)
C6 Cl C2 02 -178.80 (0.27)
C6 Cl C2 C3 1.03 (0.44)
N1 Cl C6 C5 -179.61 (0.31)
N1 Cl C6 H6 0.37 (0.51)
C2 Cl C6 C5 -1.04 (0.46)
C2 Cl C6 H6 178.94 (0.29)
02 C2 C3 C4 178.49 (0.29)
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T ab le  4 .9 . o o n f d ...
02 C2 C3 H3 -1.46 (0.52)
Cl C2 C3 C4 -1.32 (0.46)
Cl C2 C3 H3 178.72 (0.29)
C2 C3 C4 N7 -177.53 (0.30)
C2 C3 C4 C5 1.58 (0.46)
H3 C3 C4 N7 2.42 (0.50)
H3 C3 C4 C5 -17a46 (0.29)
N7 C4 C5 C6 177.59 (0.30)
N7 C4 C5 CIO -1.60 (0.44)
C3 C4 C5 C6 -1.55 (0.45)
C3 C4 C5 CIO 179.26 (0.29)
C4 C5 C6 Cl 1.29 (0.46)
C4 C5 C6 H6 -178.69 (0.29)
CIO C5 C6 Cl -179.53 (0.29)
CIO C5 C6 H6 0.49 (0.50)
C4 C5 CIO H10B -59.81 (0.43)
C4 C5 CIO H10A -179.80 (0.30)
C4 C5 CIO H10C 59.68 (0.41)
C6 C5 CIO H10B 121.02 (0.36)
C6 C5 C10 H10A 1.02 (0.49)
C6 C5 CIO H10C -119.50 (0.35)
N7 C8 C9 H9C 59.00 (0.53)
N7 C8 C9 H9B -60.79 (0.49)
N7 C8 C9 H9A 179.78 (0.36)
H8A C8 C9 H9C -179.12 (0.41)
H8A C8 C9 H9B 61.10 (0.52)
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Table 4.9. oon fd ...
H8A C8 C9 H9A -58.33 (0.54)
H8B C8 C9 H9C -61.49 (0.53)
H8B C8 C9 H9B 178.72 (0.38)
H8B C8 C9 H9A 59.29 (0.52)
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Table A4.10. Values o f 10*Fobs and 10*F calc fo r 5-Ethylam ino-4-m ethyl-
1,2-benzoquinone-2“Oxime C hloridrate Monohydrate.
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
0 0 1 90 93 0 2 6 61 59 0 5 -4 12 10
0 0 2 190 180 0 2 8 13 18 0 5 -3 29 33
0 0 3 332 335 0 2 9 52 56 0 5 -2 50 50
0 0 4 316 316 0 3 -11 20 19 0 5 -1 245 245
0 0 5 11 10 0 3 -10 36 43 0 5 0 117 118
0 0 6 97 98 0 3 -9 38 44 0 5 1 73 68
0 0 7 154 146 0 3 -8 16 17 0 5 2 42 43
0 0 8 164 160 0 3 -7 53 54 0 5 3 313 314
0 0 9 30 30 0 3 -6 139 148 0 5 4 137 134
0 0 10 9 9 0 3 -5 67 58 0 5 5 76 72
0 0 11 53 54 0 3 -4 227 232 0 5 6 73 68
0 1 -11 6 9 0 3 -3 51 52 0 5 7 48 50
0 1 -9 166 173 0 3 -2 262 271 0 5 8 18 21
0 1 -8 55 51 0 3 -1 180 179 0 6 -10 27 32
0 1 -7 67 70 0 3 0 159 145 0 6 -9 47 49
0 1 -6 153 166 0 3 1 36 29 0 6 -8 16 17
0 1 -5 24 23 0 3 2 163 153 0 6 -7 29 27
0 1 -4 134 147 0 3 3 12 9 0 6 -6 91 95
0 1 -3 126 128 0 3 4 58 56 0 6 -5 204 219
0 1 -2 12 11 0 3 5 112 105 0 6 -4 74 82
0 1 -1 447 417 0 3 6 73 69 0 6 -3 76 79
0 1 0 215 188 0 3 7 68 62 0 6 -2 109 110
0 1 1 15 16 0 3 8 63 65 0 6 -1 19 23
0 1 2 148 138 0 3 9 50 50 0 6 1 8 7
0 1 3 308 311 0 3 10 17 16 0 6 2 15 12
0 1 4 101 88 0 4 -11 39 40 0 6 3 122 116
0 1 5 259 259 0 4 -9 16 20 0 6 4 48 46
0 1 6 41 40 0 4 -8 79 85 0 6 5 10 7
0 1 7 103 99 0 4 -7 28 28 0 6 7 19 19
0 1 8 16 14 0 4 -6 46 42 0 7 -10 13 12
0 1 9 15 13 0 4 -5 112 113 0 7 -9 24 30
0 1 10 31 35 0 4 -4 261 272 0 7 -8 35 42
0 1 11 22 25 0 4 -3 78 86 0 7 -7 25 29
0 2 -11 15 14 0 4 -2 208 207 0 7 -6 210 227
0 2 -10 78 84 0 4 -1 91 80 0 7 -5 54 55
0 2 -9 176 181 0 4 0 415 404 0 7 -4 37 36
0 2 -8 36 34 0 4 1 100 97 0 7 -3 32 31
0 2 -7 12 1 0 4 2 37 35 0 7 -2 122 122
0 2 -6 26 15 0 4 3 189 186 0 7 -1 30 33
0 2 -5 273 304 0 4 4 227 224 0 7 0 78 80
0 2 -4 264 283 0 4 6 55 53 0 7 1 66 70
0 2 -3 120 122 0 4 7 71 71 0 7 2 61 67
0 2 -2 67 64 0 4 8 46 49 0 7 3 28 32
0 2 -1 302 300 0 4 9 46 46 0 7 4 23 21
0 2 0 240 240 0 5 -11 13 14 0 7 5 47 49
0 2 1 175 161 0 5 -10 15 19 0 7 6 24 26
0 2 2 221 212 0 5 -9 54 66 0 8 -9 31 32
0 2 3 107 106 0 5 -8 71 77 0 8 -8 22 23
0 2 4 181 161 0 5 -6 85 92 0 8 -7 16 16
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Table A4.10. cont’d...
H K L Fobs Reale H K L Fobs Reale H K L Fobs Reale
0 2 5 47 45 0 5 -5 130 138 0 8 -5 23 26
0 8 -4 52 53 1 -7 8 20 26 1 -4 11 18 12
0 8 -3 48 52 1 -6 -7 41 42 1 -3 -10 14 18
0 8 -2 10 11 1 -6 -6 39 40 1 -3 -9 29 30
0 8 -1 126 128 1 -6 -5 42 41 1 -3 -8 54 50
0 8 0 13 9 1 -6 -4 74 73 1 -3 -7 112 110
0 8 1 35 35 1 -6 -3 141 141 1 -3 -6 22 19
0 8 2 20 21 1 -6 -2 60 63 1 -3 -5 134 136
0 8 3 14 18 1 -6 -1 134 134 1 -3 -4 167 172
0 8 4 34 37 1 -6 0 43 37 1 “ 3 -3 14 22
0 9 -7 7 1 1 -6 1 130 113 1 -3 -2 23 15
0 9 -6 23 21 1 -6 2 63 60 1 -3 -1 458 471
0 9 -5 46 57 1 -6 3 100 104 1 -3 0 163 158
0 9 -2 25 30 1 -6 4 106 108 1 -3 1 9 10
0 9 -1 41 42 1 -6 6 27 25 1 -3 2 167 164
0 9 1 11 11 1 -6 8 44 24 1 -3 3 271 273
1 -9 -2 49 45 1 -6 10 35 32 1 -3 4 35 36
1 -9 -1 16 16 1 -5 -8 18 18 1 -3 5 60 64
1 -9 0 16 15 1 -5 -7 55 55 1 -3 6 170 161
1 -9 1 74 62 1 -5 -6 19 18 1 -3 7 96 94
1 -9 2 20 20 1 -5 -5 56 59 1 -3 8 84 76
1 -9 3 24 19 1 -5 -4 35 37 1 -3 9 12 13
1 -9 4 45 46 1 -5 -3 45 50 1 -3 10 56 52
1 -9 5 48 48 1 -5 -2 6 9 1 -2 -10 54 54
1 -9 7 24 28 1 -5 -1 47 57 1 -2 -9 68 74
1 -8 -4 19 18 1 -5 0 109 108 1 -2 -8 87 89
1 -8 -3 10 9 1 -5 1 108 106 1 -2 -7 107 107
1 -8 -2 12 9 1 -5 2 145 143 1 -2 -6 51 53
1 -8 0 65 57 1 -5 3 21 20 1 -2 -5 151 155
1 -8 1 23 24 1 -5 4 159 161 1 -2 -4 106 112
1 -8 2 20 19 1 -5 5 83 78 1 “ 2 -3 241 243
1 -8 3 26 21 1 -5 7 78 72 1 -2 -2 282 283
1 -8 4 13 13 1 -5 8 97 85 1 -2 -1 542 545
1 -8 5 23 20 1 -5 10 13 13 1 -2 0 221 210
1 -8 6 27 27 1 -4 -9 7 8 1 -2 1 286 281
1 -8 7 48 49 1 -4 -8 11 11 1 -2 2 266 266
1 -8 8 13 13 1 -4 -7 55 58 1 -2 3 27 27
1 -7 -6 31 27 1 -4 -6 74 68 1 -2 4 182 191
1 -7 -5 24 23 1 -4 -2 98 100 1 -2 5 31 34
1 -7 -4 89 87 1 -4 -1 10 10 1 -2 6 191 184
1 -7 -3 17 17 1 -4 0 151 130 1 -2 7 38 34
1 -7 -2 79 78 1 -4 1 45 33 1 -2 8 103 91
1 -7 -1 98 96 1 -4 2 117 105 1 -2 9 12 6
1 -7 0 40 36 1 -4 3 80 75 1 -2 10 33 30
1 -7 1 29 24 1 -4 4 89 89 1 -2 11 32 31
1 -7 2 10 11 1 -4 5 53 52 1 -1 -11 40 38
1 -7 3 116 116 1 -4 6 46 47 1 -1 -10 10 10
1 -7 4 27 25 1 -4 7 74 71 1 -1 -8 60 61
1 -7 5 51 56 1 -4 8 30 26 1 -1 -7 50 47
1 -7 6 43 50 1 -4 9 19 17 1 -6 -6 73 70
1 -7 7 10 17 1 -4 10 15 14 1 -1 -5 139 143
1 -1 -4 199 201 1 1 2 285 291 1 4 -10 29 34
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Table A4.10. cont’d.
H K L Fobs Fcalc 1H K L
“ 3 11 11 1 1 3
-2 95 100 1 1 4
-1 30 23 1 1 5
0 142 130 1 1 6
1 310 323 1 1 7
2 309 317 1 1 8
3 183 178 1 1 9
4 259 260 1 1 10
5 45 44 1 2 -10
6 38 39 1 2 -9
7 93 85 1 2 -8
8 52 44 1 2 -7
9 43 42 1 2 -6
10 21 22 1 2 -5
11 37 37 1 2 -4
-10 46 50 1 2 -3
-9 26 26 1 2 -2
-8 76 81 1 2 -1
-7 37 39 1 2 0
-6 38 41 1 2 1
-5 25 21 1 2 2
-4 188 184 1 2 3
-3 126 132 1 2 4
-2 66 64 1 2 5
-1 294 300 1 2 6
0 222 226 1 2 7
2 102 97 1 2 8
3 141 138 1 2 9
4 79 71 1 2 10
5 6 10 1 3 -10
6 63 61 1 3 -9
7 91 87 1 3 -8
8 39 38 1 3 -7
10 30 28 1 3 -6
11 17 17 1 3 -5
11 17 17 1 3 -4
11 17 17 1 3 -3
-10 28 29 1 3 -2
-9 65 67 1 3 -1
-8 43 45 1 3 0
-7 92 95 1 3 1
-6 9 9 1 3 2
-5 256 270 1 3 3
-4 79 82 1 3 4
-3 310 314 1 3 5
-2 33 34 1 3 6
-1 11 13 1 3 7
0 12 10 1 3 8
1 202 214 1 3 9
6 35 33 1 -)B 5
Fobs Fcalc H K L Fobs
103 104 1 4 -9 18
183 182 1 4 -8 41
109 110 1 4 -7 113
72 74 1 4 -6 87
9 6 1 4 -5 71
40 38 1 4 -4 21
28 27 1 4 -3 179
21 23 1 4 -2 104
16 9 1 4 -1 25
90 89 1 4 0 142
31 28 1 4 1 93
77 75 1 4 2 70
128 140 1 4 3 30
262 276 1 4 4 26
279 279 1 4 5 29
50 38 1 4 7 11
470 480 1 4 8 16
442 458 1 5 -10 22
174 180 1 5 -9 64
165 173 1 5 -8 33
502 525 1 5 -7 104
137 138 1 5 -6 59
29 31 1 5 -5 66
136 138 1 5 -4 10
122 127 1 5 -3 88
34 34 1 5 -2 125
83 86 1 5 -1 14
64 64 1 5 0 128
38 35 1 5 1 15
24 28 1 5 2 133
27 28 1 5 3 77
120 124 1 5 4 61
91 98 1 5 5 65
45 46 1 5 6 21
14 11 1 5 7 21
127 120 1 6 -9 25
116 103 1 6 -7 16
137 139 1 6 -6 42
251 241 1 6 -5 36
193 188 1 6 -4 137
96 103 1 6 -3 15
152 152 1 6 -2 195
34 32 1 6 -1 58
65 64 1 6 0 47
65 64 1 6 1 41
22 23 1 6 2 69
101 102 1 6 3 103
13 3 1 6 4 25
25 26 1 6 5 90
51 50 2 -5 10 18
Fcalc
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Table A4.10. cont’d.
H K L Fobs Fcalc H K L
- 1
2 -2  -1
Fobs Fcalc H K L
79 80 2 -4 -9
104 99 2 -4 -8
35 32 2 -4 -7
44 42 2 -4 -6
27 31 2 -4 -5
33 31 2 -4 -4
92 93 2 -4 -3
73 73 2 -4 -2
54 51 2 -4 -1
40 33 2 -4 0
I 17 14 2 -4 1
1 117 115 2 -4 2
42 37 2 -4 3
80 81 2 -4 4
192 187 2 -4 5
f 12 10 2 -4 6
k 9 12 2 -4 7
» 20 20 2 -4 8
\. 83 84 2 -4 9
212 215 2 "4 10
> 129 133 2 -3 -10
1 10 8 2 -3 -9
D 33 31 2 -3 -8
1 12 5 2 -3 -7
1 109 104 2 -3 -6
3 13 7 2 -3 -5
X 14 15 2 -3 -4
5 68 63 2 -3 -3
B 29 24 2 -3 -2
7 24 18 2 -3 -1
B 30 29 2 -3 0
9 14 12 2 -3 1
8 50 47 2 -3 2
7 45 45 2 -3 3
6 99 94 2 -3 4
5 82 78 2 -3 5
4 51 54 2 -3 6
3 169 178 2 -3 7
2 178 192 2 -3 9
1 73 73 2 -3 10
0 29 25 2 -2 -10
1 306 289 2 -1 -9
2 48 45 2 -2 -8
3 65 63 2 -2 -7
4 17 10 2 -2 -6
5 138 133 2 -2 -5
6 111 110 2 -2 -4
8 19 21 2 -2 -3
9 54 55 2 -2 -2
8 102 95 2 3 -1
Fobs Fade
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Table A4.10. cont*d...
H K L Fobs Fcalc H
2 -2 0 43 52 2
2 -2 1 235 229 2
2 -2 2 113 111 2
2 -2 3 23 24 2
2 -2 4 43 39 2
2 -2 5 26 20 2
1 -2 6 111 103 2
2 -2 7 11 5 2
2 -2 8 29 22 2
2 -2 9 133 123 2
2 -2 10 73 68 2
2 -1 -10 66 73 2
2 -1 -9 8 5 2
2 -1 -8 20 23 2
2 -1 -7 122 124 2
2 -1 -6 189 191 2
2 -1 -5 200 207 2
2 -1 -4 63 52 2
2 -1 -3 287 288 2
2 -1 -2 273 278 2
2 -1 -1 104 95 2
2 -1 0 578 586 2
2 -1 1 749 734 2
2 -1 2 97 102 2
2 -1 3 68 67 2
2 -1 4 184 178 2
2 -1 5 194 187 2
2 -1 6 44 40 2
2 -1 7 26 27 2
2 -1 8 25 24 2
2 -1 9 92 91 2
2 -1 10 18 18 2
2 0 -10 41 42 2
2 0 -8 222 231 2
2 0 -7 72 74 2
2 0 -6 105 100 2
2 0 -5 264 261 2
2 0 -4 88 85 2
2 0 -3 339 349 2
2 0 -2 342 367 2
2 0 -1 138 136 2
2 0 0 611 636 2
2 0 1 172 170 2
2 0 2 91 86 2
2 0 3 52 52 2
2 0 4 260 254 2
2 0 5 54 45 2
2 0 6 156 149 2
2 0 7 67 62 2
2 6 -3 14 10 3
Fobs Fcalc H K
9 49
-10 16
-9 222
-8 103
-7 10
-6 77
-5 130
-4 362
-3 152
-2 257
-1 170
0 18
1 64
2 267
3 34
4 68
5 141
6 80
7 15
8 26
9 13
10 34
-10 15
-9 67
-8 81
-7 13
-6 54
-10 52
L Fobs Fcalc
0 195 187
1 195 188
2 90 92
3 20 19
4 70 69
5 136 139
6 24 22
7 25 23
8 14 12
-10 25 39
-9 21 36
-8 31 36
-7 119 117
-6 15 12
-5 111 111
-4 263 267
-3 173 180
-2 176 179
-1 87 78
0 244 256
1 147 156
2 84 86
4 273 311
5 29 29
6 29 39
7 48 58
8 34 46
-9 82 93
-8 11 12
-6 60 62
-5 203 204
-4 156 155
-3 40 47
-2 180 176
-1 7 9
0 105 107
1 98 95
2 67 64
3 118 120
4 62 65
5 42 49
6 26 31
7 25 31
-9 14 9
-8 16 17
-7 29 31
-6 155 154
-5 258 250
-4 15 12
8 39 38
298
Table A4.10. cont’d...
H K L Fobs Fcalc
2 6 -2 14 4
2 6 -1 125 115
2 6 0 27 32
2 6 1 11 8
2 6 2 46 38
2 6 3 57 51
2 6 4 25 23
2 6 5 42 34
2 6 6 10 12
2 7 -8 50 50
2 7 -7 61 61
2 7 -6 76 71
2 7 -4 28 26
2 7 -3 32 28
2 7 -2 74 69
2 7 -1 40 37
2 7 0 130 120
2 7 1 32 28
2 7 2 43 41
2 7 3 27 27
2 8 -9 38 38
2 8 -8 18 17
2 8 -7 29 28
2 8 -6 17 20
2 8 -5 26 24
2 8 -4 79 78
2 8 -3 32 30
2 8 -2 19 15
2 8 -1 48 44
2 8 0 67 57
2 8 1 26 22
2 8 2 16 16
2 9 -6 16 10
2 9 -5 30 32
2 9 -4 17 21
2 9 -3 15 16
2 9 -2 36 34
2 9 -1 29 22
3 -9 -2 28 28
3 -9 -1 30 29
3 -9 0 26 29
3 -9 1 9 6
3 -9 2 17 15
3 -9 3 40 36
3 -9 5 33 34
3 -8 -4 13 11
3 -8 -3 44 39
3 -8 -2 16 20
3 -8 -1 9 7
3 -2 -1 182 177
H K L Fobs Fcalc H K
3 -8 1 13 10 3 -5
3 -8 3 27 26 3 -4
3 -8 4 51 52 3 ” 4
3 -8 5 21 26 3 -4
3 -8 6 9 9 3 -4
3 -8 7 28 29 3 -4
3 -7 -6 44 40 3 -4
3 -7 -5 33 30 3 -4
3 -7 -4 40 37 3 -4
3 -7 -3 30 31 3 -4
3 -7 -2 140 143 3 -4
3 -7 -1 41 38 3 -4
3 -7 0 72 75 3 -4
3 -7 1 17 17 3 -4
3 -7 2 28 31 3 -4
3 -7 3 21 22 3 -4
3 -7 4 22 23 3 -4
3 -7 5 65 72 3 -4
3 -7 6 15 21 3 -4
3 -6 -7 18 19 3 “ 3
3 -6 -6 69 66 3 -3
3 -6 -5 26 24 3 -3
3 -6 -4 64 66 3 -3
3 -6 -3 85 85 3 -3
3 -6 -2 38 43 3 -3
3 -6 -1 47 49 3 -3
3 -6 0 50 50 3 -3
3 -6 1 104 91 3 -3
3 -6 2 41 37 3 -3
3 -6 3 115 111 3 -3
3 -6 4 25 5 3 -3
3 -6 5 51 50 3 -3
3 -6 6 41 38 3 -3
3 -6 8 29 30 3 -3
3 -6 9 40 37 3 -3
3 -5 -8 24 24 3 -3
3 -5 -7 9 6 3 -3
3 -5 -6 98 100 3 -3
3 -5 -4 24 27 3 -3
3 -5 -3 51 53 3 -3
3 -5 -2 13 12 3 -2
3 -5 -1 88 89 3 -2
3 -5 0 33 29 3 -2
3 -5 1 134 127 3 -2
3 -5 2 150 141 3 -6
3 -5 3 34 33 3 -2
3 -5 4 31 31 3 -2
3 -5 5 99 94 3 -2
3 -5 7 22 23 3 -2
3 1 -9 8 6 3 3
L Fobs
9 26
•9 9
-7 21
-6 63
-5 44
-4 17
-3 59
-2 47
-1 158
0 125
1 66
2 9
3 26
4 81
5 44
6 60
7 16
9 15
10 10
-10 21
-9 41
-8 70
-7 101
-6 119
-5 60
-4 155
-3 70
-2 103
-1 95
0 271
1 104
2 115
3 187
4 21
5 103
6 40
7 91
8 10
9 40
10 11
-10 74
-9 58
-8 47
-7 112
-6 128
-5 17
-4 116
-3 305
-2 203
7 31
Fcalc
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Table A4.10. cont’d...
H K L Fobs Fcalc H K L Fobs Fcaic H K L Fobs Fcaic
3 --2 0 145 141 3 1 -8 92 89 3 3 8 21 22
3 --2 1 301 297 3 1 -7 57 54 3 4 -8 40 48
3 ■-2 2 168 158 3 1 -6 45 41 3 4 -6 78 81
3 --2 3 80 79 3 1 -5 113 116 3 4 -5 47 49
3 ■-2 4 77 72 3 1 -4 189 183 3 4 -4 48 54
3 ■-2 5 117 111 3 1 -3 287 286 3 4 -3 8 3
3 •-2 6 72 65 3 1 -2 184 171 3 4 -2 35 26
3 ■“2 7 36 36 3 1 -1 159 166 3 4 -1 107 112
3 •-2 8 99 91 3 1 0 203 213 3 4 0 8 1
3 *-2 9 10 10 3 1 1 34 42 3 4 1 73 79
3 -2 10 16 17 3 1 2 29 33 3 4 2 8 7
3 -1 “ 9 11 11 3 1 3 259 268 3 4 3 79 81
3 -1 -8 29 30 3 1 4 132 134 3 4 4 51 56
3 -1 -7 34 36 3 1 5 28 27 3 4 5 22 25
3 -1 -6 44 45 3 1 6 62 56 3 4 6 18 26
3 -1 -5 7 5 3 1 7 57 54 3 5 -9 52 58
3 -1 -4 9 7 3 1 9 23 24 3 5 -8 65 72
3 -1 -3 234 227 3 2 -9 567 50 3 5 -7 37 40
3 -1 -2 38 36 3 2 -8 27 21 3 5 -6 19 16
3 -1 -1 123 113 3 2 -7 154 150 3 5 -5 62 64
3 -1 0 50 50 3 2 -6 164 163 3 5 -4 40 45
3 -1 1 144 143 3 2 -5 217 208 3 5 -3 97 97
3 -1 2 172 161 3 2 -4 197 197 3 5 -2 16 19
3 -1 3 31 32 3 2 -3 262 265 3 5 -1 118 127
3 -1 4 132 133 3 2 -2 80 81 3 5 0 62 64
3 -1 5 71 71 3 2 -1 186 191 3 5 1 31 35
3 -1 6 56 50 3 2 0 201 205 3 5 2 37 40
3 -1 7 21 19 3 2 1 180 181 3 5 4 41 49
3 -1 8 28 26 3 2 2 154 153 3 5 5 7 7
3 -1 9 34 36 3 2 3 150 154 3 5 6 38 44
3 0 -10 19 19 3 2 4 73 70 3 6 -8 23 20
3 0 -9 13 12 3 2 5 71 68 3 6 -7 41 39
3 0 -8 114 112 3 2 6 73 70 3 6 -6 17 16
3 0 -7 96 95 3 2 7 20 21 3 6 -5 115 108
3 0 -6 14 15 3 2 8 77 76 3 6 -4 87 80
3 0 -5 118 116 3 3 -8 21 25 3 6 -3 64 58
3 0 -4 75 72 3 3 -7 151 144 3 6 -2 72 68
3 0 -3 105 98 3 3 -6 51 45 3 6 -1 87 80
3 0 -2 161 160 3 3 -5 101 98 3 6 0 90 82
3 0 -1 120 112 3 3 -4 84 83 3 6 1 32 29
3 0 0 14 14 3 3 -3 98 96 3 6 2 87 77
3 0 1 17 21 3 3 -2 73 74 3 6 3 81 73
3 0 2 166 163 3 3 -1 149 148 3 6 4 44 41
3 0 3 42 37 3 3 0 172 174 3 6 5 39 35
3 0 4 81 76 3 3 1 44 32 3 7 -9 19 19
3 0 5 16 13 3 3 2 45 40 3 7 -8 40 32
3 0 6 35 27 3 3 4 52 48 3 7 -7 48 51
3 0 8 27 27 3 3 5 9 4 3 7 -6 24 27
3 1 -10 31 32 3 3 6 40 44 3 7 -5 15 10
3 7 -4 93 92 4 -6 -2 43 39 4 -3 -1 99 99
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Table A4.10. cont’d... 
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
3 7 - 3 31 29 4 -6 -1 69 65 4 -3 0 36 39
3 7 - 2 15 17 4 -6 0 42 40 4 -3 1 48 55
3 7 0 71 60 4 -6 1 73 72 4 -3 2 194 187
3 7 1 23 17 4 -6 2 145 135 4 -3 3 89 86
3 7 2 40 30 4 -6 3 14 13 4 -3 4 71 70
3 7 3 53 44 4 -6 5 44 44 4 -3 5 18 13
3 8 - 8 37 33 4 -6 7 27 26 4 -3 6 16 17
3 8 - 7 11 8 4 -6 8 9 10 4 -3 7 56 51
3 8 - 6 13 12 4 -5 -8 35 29 4 -3 8 21 22
3 8 - 5 34 31 4 -5 -7 104 105 4 -3 9 39 36
3 8 - 4 20 15 4 -5 -6 29 27 4 -2 -9 56 60
3 8 - 3 53 51 4 -5 -5 51 47 4 -2 -7 80 81
3 8 - 2 51 44 4 -5 -4 57 56 4 -2 -6 11 9
3 8 - 1 13 15 4 -5 -3 87 84 4 -2 -5 23 21
3 8 1 28 22 4 -5 -2 105 103 4 -2 -4 130 118
3 9 - 5 42 38 4 -5 -1 44 45 4 -2 -3 130 122
3 9 - 4 9 76 4 -5 0 82 83 4 -2 -2 63 63
3 9 - 3 27 25 4 -5 1 115 113 4 -2 -1 99 99
4 -9  0 17 20 4 -5 2 16 8 4 -2 0 165 161
4 -9 1 19 15 4 -5 3 57 57 4 -2 1 417 429
4 -9  2 65 62 4 -5 4 58 62 4 -2 2 280 271
4 -9  3 19 18 4 -5 6 92 97 4 -2 3 22 22
4 -8 -4 50 45 4 -4 -9 16 14 4 -2 4 52 50
4 -8 -3 42 43 4 -4 -8 87 89 4 -2 6 25 26
4 -8 -2 14 15 4 -4 -6 37 35 4 -2 9 35 36
4 -8 -1 43 42 4 -4 -5 29 27 4 -1 -9 55 56
4 -8  0 51 54 4 -4 -4 143 145 4 -1 -8 34 32
4 -8 1 56 53 4 -4 -3 141 137 4 -1 -7 171 168
4 -8  2 28 25 4 -4 -2 19 23 4 -1 -6 138 139
4 - 8  4 45 47 4 -4 -1 86 84 4 -1 -5 96 96
4 -8  5 54 54 4 -4 0 182 176 4 -1 -4 188 186
4 -8  6 79 85 4 -4 1 36 33 4 -1 -3 36 36
4 -7 -6 32 32 4 -4 2 20 11 4 -1 -2 154 150
4 -7 -5 26 24 4 -4 3 106 96 4 -1 -1 167 164
4 -7 -4 39 38 4 -4 4 48 49 4 -1 0 159 141
4 -7 -3 77 79 4 -4 5 137 127 4 -1 1 395 400
4 -7 -2 158 161 4 -4 6 55 51 4 -1 2 162 160
4 -7 -1 10 10 4 -4 7 75 73 4 -1 3 107 107
4 -7  0 21 26 4 -4 8 38 34 4 -1 4 30 29
4 -7 1 53 53 4 -4 9 25 25 4 -1 5 159 148
4 -7  2 49 52 4 -3 -10 16 17 4 -1 6 18 17
4 -7  3 12 8 4 -3 -9 9 11 4 -1 7 44 42
4 -7  4 35 36 4 -3 -8 16 17 4 -1 8 12 12
4 -7  5 14 15 4 -3 -7 26 27 4 -1 9 37 36
4 -7  6 62 63 4 -3 -6 46 50 4 0 -9 48 46
4 -6 -7 18 15 4 -3 -5 19 20 4 0 -8 273 271
4 -6 -5 39 40 4 -3 -4 162 154 4 0 -7 42 33
4 -6 -4 69 70 4 -3 -3 107 96 4 0 -6 54 48
4 -6 -3 114 114 4 -3 -2 77 70 4 0 -5 167 163
4 0 - 4 290 286 4 3 -6 117 113 4 6 4 20 21
301
Table A4.10. cont’d.
H K
5 -5
Fobs Fcaic
62 60
113 102
229 227
245 236
100 97
16 14
141 134
103 94
27 21
85 84
59 59
28 28
72 67
50 46
47 44
107 93
163 148
151 138
24 22
207 203
82 72
88 80
51 54
77 73
14 10
36 35
53 52
22 23
26 29
46 40
51 53
57 54
68 65
87 78
95 87
31 26
113 112
18 14
157 147
99 96
17 10
19 14
51 48
38 34
35 36
5 2
83 84
9 6
21 19
27 25
H K L Fobs Fcalc
4 3 -5 17 18
4 3 -4 27 27
4 3 -3 135 136
4 3 -2 105 110
4 3 -1 165 164
4 3 0 112 97
4 3 1 127 121
4 3 2 102 98
4 3 3 57 56
4 3 4 63 59
4 3 5 173 171
4 3 7 6 5
4 4 -8 80 89
4 4 -7 78 75
4 4 -6 47 43
4 4 -5 89 88
4 4 -4 277 275
4 4 -3 25 24
4 4 -2 51 53
4 4 -1 142 143
4 4 0 45 39
4 4 1 100 91
4 4 2 98 93
4 4 3 38 39
4 4 4 155 150
4 4 5 9 9
4 4 6 34 35
4 5 -9 30 36
4 5 -6 43 44
4 5 -5 219 242
4 5 -4 125 135
4 5 -2 60 72
4 5 -1 63 73
4 5 0 15 23
4 5 1 44 53
4 5 2 42 53
4 5 3 23 27
4 5 4 11 13
4 6 -8 17 14
4 6 -7 19 17
4 6 -6 19 20
4 6 -5 96 93
4 6 -4 21 24
4 6 -3 35 37
4 6 -1 64 64
4 6 0 53 55
4 6 1 54 54
4 6 2 14 13
4 6 3 20 18
5 -2 0 106 102
H K Fobs Fcalc
4 6 4 20 21
4 7 - 8 36 29
4 7 - 7 43 39
4 7 - 6 40 36
4 7 - 5 30 31
4 7 - 4 40 36
4 7 - 3 58 51
4 7 - 2 39 34
4 7 0 42 36
4 7 1 55 43
4 7 2 34 25
4 8 - 7 31 29
4 8 - 6 21 21
4 8 - 5 10 10
4 8 - 4 35 28
4 8 - 3 36 30
4 8 - 2 26 21
4 8 - 1 39 33
5 -8 -3 16 12
5 -8  -2 19 26
5 -8 -1 74 78
5 - 8  0 21 25
5 -8  1 22 24
5 -7 -5 50 47
5 -7 -4 14 13
5 -7 -3 20 26
5 -7 -2 70 78
5 -7  0 20 27
5 -7 1 9 14
5 -7  2 38 43
5 -7  3 10 6
5 -7  4 44 51
5 -7  5 17 17
5 -7  6 12 17
5 -6 -7 24 25
5 -6 -6 7 4
5 -6 -5 78 77
5 -6 -4 39 43
5 -6 -3 35 37
5 -6 -2 51 55
5 -6 -1 24 26
5 - 6  0 62 63
5 -6 1 25 16
5 - 6  2 32 29
5 - 6  3 84 84
5 - 6  4 16 16
5 - 6  5 12 10
5 -6  6 46 48
5 -6  7 9 6
5 1 6 29 28
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Table A4.10. cont’d.
H K Fobs Fcalc H K
6 -5
L Fobs Fcalc H K L Fobs Fcalc
1 49 45 5 1 7 30 28
2 14 8 5 2 -9 58 51
3 87 83 5 2 -8 38 36
4 29 27 5 2 -7 57 56
5 64 63 5 2 -6 216 198
6 39 41 5 2 -5 131 120
7 47 50 5 2 -4 38 34
8 14 17 5 2 -3 128 118
-9 12 8 5 2 -2 127 121
-8 43 41 5 2 -1 14 9
-7 124 112 5 2 0 92 82
-6 76 69 5 2 1 152 144
10 4 5 2 2 66 61
-4 78 71 5 2 3 76 70
-3 16 13 5 2 4 44 42
-2 136 138 5 2 5 53 51
-1 61 59 5 2 6 8 6
0 34 15 5 3 -8 17 17
1 62 61 5 3 -7 12 14
2 36 35 5 3 -6 31 31
3 94 89 5 3 -5 22 22
4 11 5 5 3 -3 11 5
5 44 45 5 3 -2 52 49
6 46 47 5 3 -1 79 70
-7 9 9 5 3 1 46 43
-5 51 50 5 3 2 8 5
-4 15 16 5 3 3 34 32
-2 193 183 5 3 4 35 32
-1 64 63 5 3 5 16 17
0 14 13 5 3 6 37 42
1 50 48 5 4 -8 32 30
2 51 45 5 4 -7 47 43
3 56 55 5 4 -6 46 41
4 24 23 5 4 -5 19 16
5 28 28 5 4 -4 100 92
-8 75 65 5 4 -3 50 49
-7 20 15 5 4 -2 59 49
-6 96 87 5 4 -1 18 19
” 5 68 65 5 4 0 43 37
-4 112 108 5 4 1 25 23
-3 128 126 5 4 3 30 28
-2 119 123 5 4 4 25 24
-1 49 51 5 5 -8 33 44
0 95 93 5 5 -7 19 26
1 94 94 5 5 -6 25 33
2 88 85 5 5 -5 28 38
3 83 76 5 5 -4 17 24
4 97 87 5 5 -3 44 64
5 40 39 5 5 -2 20 24
-6 61 67 6 -1 1 141 135
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Table A4.10. cx
H K L Fobs
5 5 0 33
5 5 1 52
5 5 2 14
5 5 3 10
5 6 -8 42
5 6 -6 36
5 6 -5 50
5 6 -3 74
5 6 -2 45
5 6 -1 42
5 6 0 27
5 6 1 38
5 6 2 28
5 7 -8 45
5 7 -8 45
5 7 -8 45
5 7 -7 45
5 7 -6 25
5 7 -5 17
5 7 -3 52
5 7 -1 25
5 7 0 32
6 -8 -1 63
6 -8 0 19
6 -8 1 14
6 -7 -4 15
6 -7 -3 51
6 -7 -2 82
6 -7 -1 14
6 -7 1 7
6 -7 2 65
6 -7 3 28
6 -6 -6 45
6 -6 -5 15
6 -6 -4 18
6 -6 -2 15
6 -6 -1 36
6 -6 0 19
6 -6 2 52
6 -6 3 15
6 -5 -7 84
6 -5 -6 22
6 -5 -5 29
6 -5 -3 53
6 -5 -2 76
6 “ 5 -1 14
6 -5 0 23
6 -5 1 84
6 -5 4 35
6 3 -2 60
H K Fobs Fcalc H K Fobs Fcaic
1 -3 
1 -2
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Table A4.10. cont’d.
H K
6 3
6 3
6 3
6 3
6 3
6 3
6 4
6 4
6 4
6 4
6 4
6 4
6 4
6 4
6 4
6 4
6 5
6 5
6 5
6 5
6 5
6 5
6 6
6 6
6 6
6 6
6 6
6 6
6 6
8 “4
L Fobs Fcalc H K
■1 45 44 7 -4
0 68 68 7 -4
1 31 29 7 -4
2 42 40 7 -4
3 49 50 7 -4
4 26 18 7 -4
-7 63 60 7 -3
-6 58 53 7 -3
-5 34 31 7 -3
-4 233 226 7 “ 3
-2 12 9 7 -3
-1 64 62 7 -3
0 71 69 7 -3
1 11 14 7 -3
2 42 40 7 -3
3 52 46 7 -3
-7 15 20 7 -3
-5 35 54 7 -3
-4 28 37 7 -3
-1 21 31 7 -2
0 23 31 7 -2
1 38 50 7 -2
-6 28 34 7 -2
-5 33 40 7 -2
-4 31 42 7 -2
-3 11 18 7 -2
-2 14 19 7 -2
-1 18 24 7 -2
0 12 20 7 -2
-1 13 19 7 -2
-4 15 16 7 -2
-3 29 34 7 -2
-2 35 37 7 -1
0 24 25 7 -1
1 33 34 7 -1
2 13 14 7 -1
3 28 29 7 -1
-6 35 36 7 -1
-5 7 6 7 -1
-3 30 34 7 -1
-1 24 25 7 -1
-0 24 28 7 -1
1 35 39 7 -1
3 14 20 7 -1
-7 17 16 7 0
-6 7 5 7 0
-5 33 36 7 0
-4 47 53 7 0
-3 17 20 7 0
0 25 28 8 2
Fobs Fcalc H K L
45 7 0 3
9 7 1 -7
14 7 1 -6
18 7 1 -5
70 7 1 -4
15 7 1 -3
53 7 1 -2
31 7 1 -1
70 7 1 0
34 7 1 1
39 7 1 2
38 7 1 3
26 7 1 4
77 7 2 -7
33 7 2 -6
59 7 2 -5
75 7 2 -4
17 7 2 -3
33 7 2 -2
24 7 2 -1
83 7 2 0
49 7 2 1
60 7 2 2
36 7 2 3
46 7 3 -7
18 7 3 -4
66 7 3 -3
66 7 3 -2
18 7 3 0
28 7 4 -7
47 7 4 -6
12 7 4 -5
11 7 4 -4
17 7 4 -3
6 7 4 -2
52 7 4 0
25 7 5 -7
89 7 5 -4
33 7 5 -2
31 7 5 -1
30 8 -5 -4
32 8 -5 -2
25 8 -5 -1
19 8 -5 0
19 8 -5 1
12 8 -4 -5
26 8 -4 -4
57 8 -4 -1
29 8 -4 -1
Fobs Fcalc
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Table A4.10. cxjnt’d.
H K L Fobs Fcalc H K L Fobs Fcalc
1 37 47 8 2 0 11 11
2 41 57 8 2 1 10 8
-6 44 46 8 3 -7 25 26
-5 27 31 8 3 -6 33 33
-4 12 14 8 3 -5 41 42
-3 15 13 8 3 -4 46 46
-1 24 28 8 3 -3 120 124
0 22 26 8 3 -2 32 34
1 52 65 8 4 >5 9 5
2 85 100 8 4 -4 67 71
-7 71 70 9 -2 -4 9 10
-6 53 56 9 -2 -3 19 25
-5 37 42 9 -2 -1 42 54
-3 11 12 9 -1 -5 18 22
-2 49 58 9 -1 -2 31 38
1 21 25 9 0 -4 15 14
2 29 31 9 0 -3 19 22
3 19 19 9 0 -2 8 8
-7 66 66 9 1 -4 39 44
-6 49 52 9 1 -3 29 33
-5 41 45
-4 9 9
-3 92 101
-1 34 38
0 22 24
1 39 41
2 49 55
-7 33 33
-6 12 9
-5 29 33
-4 35 38
-3 22 28
-2 36 41
-1 29 34
0 16 19
1 56 63
-7 32 33
-5 26 29
-4 16 17
-2 40 44
-1 12 13
0 24 30
1 40 41
2 26 30
-6 7 4
-5 23 24
-4 11 11
-3 42 45
-2 37 38
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APPENDIX 5. X -ray Crystal data fo r frans-Bls(1,2-dicarbom ethoxyethenyl)-
1,2-diaminoethanedlone Dioxime
Table A5.1 Table o f Fractional Atomic Coordinates and Thermal Parameters 
fo r trans-Bis(1,2-dicarbomethoxyethenyl)-1,2-ethanedione Dioxime.
Atom X y z U. o r U1 so eq
N(1) 0.2552(11) -0.0429(16) 1.2407(9) 0.029(4)
N(2) 0.2512(12) 0.1460(18) 1.1512(10) 0.041(4)
C(1) 0.2991(14) 0.0488(21) 1.1987(12) 0.025(4)
0(1) 0.1382(10) -0.0110(13) 1.2301 (8) 0.040(3)
C(2) 0.0843(14) -0.0809(20) 1.2855(12) 0.024(4)
C(3) 0.1245(15) -0.1507(21) 1.3490(13) 0.034(5)
C(4) 0.0723(20) -0.2273(24) 1.4100(16) 0.060(5)
0(2) -0.0238(13) -0.2508(16) 1.3922(10) 0.075(4)
0(3) 0.1309(12) -0.2597(17) 1.4797(11) 0.076(4)
C(5) 0.0794(19) -0.3312(27) 1.5437(16) 0.091(6)
0(6) -0.0321(16) -0.0529(23) 1.2575(15) 0.050(5)
0(4) -0.0706(12) 0.0204(16) 1.3138(10) 0.068(4)
0(5) -0.0801(12) -0.0953(18) 1.1926(10) 0.082(5)
0(7) -0.1898(18) 0.0509(24) 1.2943(14) 0.071(5)
N(1a) 0.4580(11) 0.1077(16) 1.1492(10) 0.031(4)
N(2a) 0.4664(11) -0.0733(17) 1.2499(10) 0.034(4)
0(1 a) 0.4154(14) 0.0236(21) 1.2010(12) 0.031(4)
0(1a) 0.5737(9) 0.0759(12) 1.1570(8) 0.032(3)
0(2a) 0.6067(14) 0.0967(20) 1.0819(12) 0.026(4)
0(3a) 0.6648(15) -0.0037(21) 1.0528(12) 0.035(5)
0(4a) 0.6873(16) -0.1418(22) 1.0900(15) 0.044(5)
307
Table A5.1 oont'd....
0(2a) 0.6615(10) -0.1902(14) 1.1554(9) 0.049(4)
0(3a) 0.7437(11) -0.2184(16) 1.0402(9) 0.057(4)
C(5a) 0.7841(18) -0.3598(27) 1.0717(15) 0.077(5)
C(6a) 0.5859(14) 0.2288(23) 1.0398(14) 0.035(5)
0(4a) 0.5819(10) 0.2173(15) 0.9570(9) 0.043(4)
0(5a) 0.5785(10) 0.3334(16) 1.0777(9) 0.048(4)
C(7a) 0.5706(16) 0.3550(24) 0.9110(14) 0.060(5)
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Table A5.2. Table o f Fractional atomic Coordinate fo r the Hydrogen Atoms 
in trans-Bis(1,2-dicarbomethoxyethenyl)-1,2-ethanedione Dioxime
Atom X y z
H(25) 0.0143 -0.2691 1.5606
H(35) 0.1385 -0.3498 1.5993
H(27) -0.2232 0.0083 1.2334
H(37) -0.2041 0.1607 1.2941
H(25a) 0.8286 -0.3541 1.1351
H(35a) 0.8343 0.4067 1.0302
H(27a) 0.5705 0.3371 0.8443
H(37a) 0.6375 0.4214 0.9352
H(1na) 0.5364 -0.1187 1.2233
H(2na) 0.4375 -0.0966 1.3225
H(12n) 0.2712 0.2553 1.1424
H(22n) 0.2014 0.1027 1.1010
H(13) 0.1998 -0.1420 1.3630
H(13a) 0.6765 -0.0002 1.0021
H(15a) 0.7057 -0.4132 1.0705
H(17a) 0.5020 0.3987 0.9185
H(15) 0.0435 -0.4415 1.5139
H(17) -0.2255 0.0025 1.3416
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Table A5.3. Table o f Bond Distances In Angstroms fo r
trans-B\si^ ,2-dicarbomethoxyethenyl)-1,2-ethanedlone DIoxime.
N(1) -  C(1) 1.287(25) N(1) -  0(1) 1.480(19)
N(2) -  C(1) 1.299(25) C(1) -  C(1a) 1.470(3)
0(1) -  C2) 1.371(24) C{2) -  C(3) 1.260(3)
C(2) -  C(6) 1.480(3) C(3) -  C(4) 1.460(3)
C(4) -  0(2) 1.210(3) C{4) -  0(3) 1.280(3)
0(3) -  C(5) 1.460(3) C(6) -  0(4) 1.300(3)
0(6) -  0(5) 1.190(3) 0(4) -  C(7) 1.500(3)
N(1a) -  0(1 a) 1.330(3) N(1a) -  0(1a) 1.466(18)
N(2a) -  0(1 a) 1.322(24) 0(1 a) -  C(2a) 1.344(24)
C(2a) -  C(3a) 1.340(3) C(2a) -  C(6a) 1.450(3)
C(3a) "  C(4a) 1.470(3) C(4a) -  0(2a) 1.230(3)
C(4a) -  0(3a) 1.360(3) 0(3a) -  C(5a) 1.520(3)
C(6a) -  0(4a) 1.320(3) C(6a) -  0(5a) 1.190(3)
0(4a) -  C(7a) 1.520(3)
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Table A5.4. Table o f Bond Angles in Degrees fo r 
trans-B\s{^ ,2-dlcarbomethoxyethenyl)-1,2-ethanedione Dioxime.
0(1) -  N(1) -  C(1) 107(1) N(2) -  C(1) -  N(1) 128(2)
C(1a) -  C(1) -  N(1) 112(2) C(1a) -  C(1) -  N(2) 120(2)
C(2) -  0(1) -  N(1) 113(1) C(3) -  C(2) -  0(1) 128(2)
C(6) -  0(2) -  0(1) 106(2) C(6) -  C(2) -  C(3) 126(2)
0(4) -  0(3) -  0(2) 130(2) 0(2) -  0(4) -  C(3) 118(2)
0(3) -  0(4) -  0(3) 117(2) 0(3) -  0(4) -  0(2) 125(2)
0(5) -  0(3) -  0(4) 118(2) 0(4) -  0(6) -  0(2) 110(2)
0(5) -  0(6) -  0(2) 123(2) 0(5) -  0(6) -  0(4) 127(2)
0(7) -  0(4) -  0(6) 115(2) 0(1 a) -  N(1a) -  0(1 a) 108(1)
N(1a) -  0(1a) -  0(1) 112(2) N(2a) -  Oda) -  0(1) 121(2)
N(2a) -  0(1a) -  N(1a) 127(2) 0(2a) “  0(1 a) -  N(1a) 109(1)
0(3a) -  0(2a) -  Oda) 117(2) 0(6a) -  0(2a) -  0(1 a) 119(2)
0(6a) -  0(2a) -  0(3a) 123(2) 0(4a) -  0(3a) -  0(2a) 127(2)
0(2a) -  0(4a) -  0(3a) 129(2) 0(3a) -  0(4a) -  0(3a) 110(2)
0(3a) -  0(4a) -  0(2a) 121(2) 0(5a) -  0(3a) -  0(4a) 118(2)
0(4a) -  0(6a) -  0(2a) 111(2) 0(5a) -  0(6a) -  0(2a) 123(2)
0(5a) -  0(6a) -  0(4a) 126(2) 0(7a) -  0(4a) -  0(6a) 113(2)
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Table A5.5. Table o f Interm olecular Contact Distances fo r 
trans-Bls(1,2~cllcarbomethoxyethenyl)-1,2-ethanedlone Dioxime.
Atom 1 Atom 2 Dist. s a b c
H(37) ... N(1) 2.98 2 0.0 0.0 2.0
H(25a)... N(1) 3.01 2 1.0 -1.0 2.0
H(35) ... N(1) 2.70 -2 0.0 0.0 1.0
0(3a) ... N(2) 3.15 -1 1.0 0.0 2.0
0(2) ... N(2) 2.99 2 0.0 -1.0 2.0
H(35) ... C(1) 3.05 -2 0.0 0.0 1.0
H(25a)... 0(1) 2.62 2 1.0 -1.0 2.0
C(5) ... 0(1) 3.33 -2 0.0 0.0 1.0
H(35) ... 0(1) 2.49 -2 0.0 0.0 1.0
C(5a) ... 0(2) 3.37 2 1.0 -1.0 2.0
H(25a)... 0(2) 2.68 2 1.0 -1.0 2.0
C(5a) ... 0(3) 3.23 2 1.0 -1.0 2.0
H(25a)... 0(3) 2.94 2 1.0 -1.0 2.0
H(35a)... 0(3) 3.05 2 1.0 -1.0 2.0
H(22n)... 0(2) 2.65 2 0.0 0.0 2.0
H(15) ... 0(5) 2.76 -1 0.0 -1.0 3.0
0(5) ... 0(5) 3.41 -2 0.0 0.0 0.0
0(5) ... H(25) 2.89 -2 0.0 0.0 0.0
C(4a) ... 0(5) 3.14 1 1.0 0.0 0.0
0(2a) ... 0(5) 3.33 1 1.0 0.0 0.0
0(3a) ... 0(5) 3.25 1 1.0 0.0 0.0
H(25a)... 0(5) 2.85 1 1.0 0.0 0.0
0(1 a) ... 0(7) 3.41 1 1.0 0.0 0.0
0(1 a) ... H(27) 2.72 1 1.0 0.0 0.0
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Table A5.5 oont’d.
C(3a) ... H(27) 3.01 1 1.0 0.0 0.0
C(4a) ... H(27) 2.80 1 1.0 0.0 0.0
0(2a) ... H(27) 2.61 1 1.0 0.0 0.0
H(13a)... N(1a) 2.92 -1 1.0 0.0 2.0
H(27a)... N(2a) 2.97 -1 1.0 0.0 2.0
0(5a) ... N(2a) 3.03 2 1.0 0.0 2.0
C(7a) ... N(2a) 3.43 -2 0.0 1.0 0.0
H(27a)... N(2a) 2.93 “ 2 0.0 1.0 0.0
H(27a)... C(1a) 3.08 -2 0.0 1.0 0.0
0(4a) ... C(4a) 3.41 -1 1.0 0.0 2.0
0(4a) ... 0(2a) 3.30 -1 1.0 0.0 2.0
C(7a) ... 0(2a) 3.34 -1 1.0 0.0 2.0
H(17a)... 0(2a) 2.99 -1 1.0 0.0 2.0
H(12n)... 0(3a) 2.92 -1 1.0 0.0 2.0
H(22n)... 0(3a) 2.70 -1 1.0 0.0 2.0
H(13) ... C(5a) 2.92 2 1.0 0.0 2.0
H(2na)... C(6a) 2.83 2 1.0 -1.0 2.0
H(15a)... 0(5a) 2.94 1 0.0 -1.0 0.0
H(17a)... 0(5a) 2.79 -1 1.0 1.0 2.0
H(2na)... 0(5a) 1.77 2 1.0 -1.0 2.0
H(13) ... 0(5a) 2.80 2 1.0 -1.0 2.0
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Table A5.6. Table o f Intram olecular Contact Distances fo r 
frans-B Isd ,2-dicarbomethoxyethenyl)-1,2-ethanedlone Dioxime.
N(2) ... N(1) 2.32 0(4) ... C(2) 2.47
C(3) ... N(1) 2.76 0(4) ... C(2) 2.28
C(1a) ... N(1) 2.29 H(13) ... C(2) 1.85
H(22n)... N(1) 2.64 0(3) ... C(3) 2.33
0(1) ... N(2) 2.54 0(4) ... C(3) 2.93
C(1a) ... N(2) 2.40 0(5) ... C(4) 2.35
C(2) ... C(1) 3.44 0(6) ... C(4) 3.09
N(2a) ... C(1) 2.43 H(13) ... C(4) 2.04
H(12n)... C(1) 2.20 0(3) ... 0(2) 2.21
C(3) ... 0(1) 2.36 H(25) ... 0(2) 2.67
0(4) ... 0(1) 3.13 0(4) ... 0(2) 2.93
H(22n)... 0(1) 2.57 H(25) ... 0(3) 2.09
C(2) ... N(1) 2.38 H(13) ... 0(3) 2.45
N(2a) ... N(1) 2.64 0(2) ... 0(2) 2.86
H(2na)... N(1) 2.50 0(5) ... 0(2) 2.35
H(13) ... N(1) 2.38 0(2) ... 0(3) 2.29
N(1a) ... N(2) 2.62 0(6) ... 0(3) 2.45
0(1) ... C(1) 2.22 0(5) ... 0(3) 3.33
N(1a) ... 0(1) 2.32 H(25) ..,. 0(4) 2.65
H(2na)... C(1) 2.80 0(4) ... 0(4) 3.24
H(22n)... C(1) 1.90 H(15) .. . 0(4) 2.72
0(6) ... 0(1) 2.28 0(5) ... 0(2) 2.68
0(5) ... 0(1) 2.82 0(6) ... 0(2) 2.88
H(13) ... 0(1) 2.49 H(15) .. . 0(2) 2.72
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Table A5.6 oont’d. 
H(35) ... 0(3)
H(15) ... 0(3)
C(7) ... 0(6)
H(17) ... 0(6) 
H(27) ... 0(4) 
H(17) ... 0(4) 
H(27) ... 0(5) 
0(2a) ... N(1a) 
0(6a) ... N(1a) 
H(1na)... N(1a)
0(1 a) ... N(2a)
0(1 a) ... 0(1 a) 
H(1na)... N(1a) 
H(12n)... 0(1a) 
0(3a) ... 0(1 a) 
0(2a) ... 0(1 a) 
0(5a) ... 0(1 a) 
0(4a) ... 0(2a) 
0(4a) ... 0(2a) 
H(13a)... 0(2a) 
0(3a) ... 0(3a) 
0(4a) ... 0(3a) 
H(25a)... 0(4a) 
H(13a)... 0(4a) 
0(3a) ... 0(2a) 
H(25a)... 0(2a)
2.09 H(27) ... 0(6) 2.43
2.19 0(5) ... 0(4) 2.23
2.37 H(37) ... 0(4) 2.14
2.99 0(7) ... 0(5) 2.69
2.13 N(2a) ... N(1a) 2.37
2.06 0(3a) ... N(1a) 3.38
2.23 0(5a) ... N(1a) 2.98
2.29 H(12n)... N(1a) 2.73
2.80 0(2a) ... N(2a) 3.27
2.61 0(2a) ... Oda) 3.35
2.59 H(2na)... 0(1 a) 2.24
2.26 H(22n)... Oda) 3.00
2.04 0(4a) ... Oda) 2.84
2.94 0(6a) ... Oda) 2.41
2.29 H(1na)... Oda) 2.25
2.81 0(2a) ... 0(2a) 3.06
2.81 0(5a) ... 0(2a) 2.32
2.52 0(2a) ... 0(3a) 2.45
2.29 0(6a) ... 0(3a) 2.46
1.90 0(5a) ... 0(4a) 2.48
2.33 H(1na)... 0(4a) 3.06
2.74 H(15a)... 0(4a) 2.66
2.74 0(5a) ... 0(2a) 2.73
1.95 H(1na)... 0(2a) 2.15
2.26 H(25a)... 0(3a) 2.16
2.68 H(13a)... 0(3a) 2.32
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Table A5.6. oont*d...
H(15a)... 0(2a) 2.66 C(7a) ... C(6a) 2.38
H(35a)... 0(3a) 2.17 H(13a)... C(6a) 2.61
H(15a)... 0(3a) 2.02 0(5a) ... 0(4a) 2.24
H(37a)... C(6a) 2.65 H(37a)... 0(4a) 2.14
H(17a)... C(6a) 2.64 H(17a)... 0(4a) 2.07
H(27a)... 0(4a) 2.13 H(37a)... 0(5a) 2.64
H(13a)... 0(4a) 2.47 H(17a)... 0(5a) 2.65
C(7a) ... 0(5a) 2.66
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